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Developing canopy biology in Lambir Hills National Park 
Tohru NAKASHIZUKA I 
I Research Institute for Humanity and Nature, Kyoto Japan 
The forest canopy biological studies in Lambir Hills National Park were initiated in 
1992 when Sarawakian and Japanese scientists established the canopy walkway system. It 
aims to study ecological processes in the tropical forest with particular emphasis on 
ecological processes taking place at forest canopy. The canopy walkway of about 300 m long 
and two tree towers has been utilized for the researches on phenology and eco-physiology of 
trees, pollination biology, canopy entomology, and forest meteorology. In March 2000, 
another canopy facility, canopy crane, was established to increase further ability to access the 
forest canopy. The canopy crane with 80 m in height and 75 m-Iong arm brought us into a 
new phase of the studies on forest canopy processes. 
The research has been much concentrated on the elucidation of the mechanisms of 
general flowering and canopy-atmosphere interaction in the tropical rain forest. It includes 
baseline researches on tree phenology, seed/litter fall , insects' interactions with trees, 
dynamics of stored substances in the trees, and meteorological conditions. Using these data, 
both proximate and ultimate factors of the general flowering have been tested. The 
meteorological triggers and eco-physiological condition of trees, which cause the general 
flowering, have been observed, and drought seemed to be most probable climatic cue for 
flowering induction. The storage of starch in roots was used for fruiting, though that in 
branches was for leaf flushing and probably for flowering. The pollination efficiency 
(promotion) and predator satiation hypotheses has been tested as the ultimate factors of 
general flowering, though clear results have not been obtained yet. 
The site is also used for eco-physiological studies of trees. Photosynthetic activities in 
various position of trees can be measured by canopy access devices, and contribute to the 
construction of the whole forest models of carbon and water budget. Eco-physiological 
activities of many tropical species have been made clear by the series of studies. These data 
can also used for the cross check of carbon flux measurement, and the validation of remote 
sensing data. Carbon and water budget of the tropical rain forest is to be estimated in three 
ways, by flux measurement, tree enumeration, and integration of eco-physiological processes. 
Three dimensional canopy structure and reflection factor of the canopy have been 
investigated both from satellite and canopy crane. 
Plant reproductive phenology and general flowering in Lambir Hills 
Shoko SAKAI I 
I Center for Ecological Research, Kyoto University, Japan 
General flowering in Asian dipterocarp forests is one of the most spectacular and 
mysterious phenomena in tropical biology. General flowerings occur at irregular intervals of 
less than a year to several years and during an event most dipterocarp trees and many other 
plants, from shrubs to emergent trees to epiphytic orchids, flower, over roughly a three-month 
period. Conversely, flowers are scant between general flowering events. This type of 
community-wide masting has only been documented from aseasonal tropical forests in Asia. 
Since 1993 we have observed plant phenology from tree towers and walkways 
constructed in an 8 ha study plot and another tower constructed for tourists. We chose 576 
individual plants of 305 species in 56 families to monitor phenology at the community level 
in 1993. Plant phenology is monitored twice a month and in this paper we report results from 
July 1993 up to the end of September 2003. At each census, reproductive organs (flower buds, 
flowers, and fruits) are observed and the intensity of reproductive activity for each individual 
is recorded according to the following five grades: non-reproductive or very few flowers or 
fruits (covering <1 % of the crown); > 1 % and <50% of the crown covered with flowers or 
fruits; >50% and <80% of the crown covered with flowers or fruits; flowers or fruits covering 
the whole crown. 
Two hypotheses have been proposed to explain the timing of flowering in SE Asian 
forests; drought and temperature drop, both of which may be associated with the EI Nino 
Southern Oscillation (ENSO). Prolonged droughts or an increase of solar radiation associated 
with dry conditions have repeatedly been reported to occur in general flowering years. On the 
other hand, Ashton et al. (1988) argued that a drop in the daily minimum temperature always 
preceded flowering events. 
From our studies in Borneo over a ten-year period we conclude that drought is the most 
plausible trigger for general flowering. We recorded a large general flowering in early 1996 
and smaller flowering events in late 1996, 1997, 1998, and 2001. All flowering peaks were 
preceded by dry periods and every drought (30-day rainfall total <40mm) was followed by a 
flowering (Fig. 1). Conversely, neither temperature nor solar radiation had any clear 
correlation with flowering. Moreover, minor droughts were found to trigger leaf flushing in 
several species. Flower induction is basically the transformation of leaf buds to flower buds. 
Thus, these results suggest plants initiate buds when dry conditions start and produce either 
leaves or flowers depending on the severity of the drought. 
In the aseasonal forests of SE Asia droughts tend to occur during transition periods from 
La Nina to El Nino, or at the beginning of an EI Nino episode. Therefore, there is an irregular 
6-7 year cycle involving a dry period with several droughts and a wet period without 
droughts. The magnitude of a flowering event also depends on the timing of droughts 
associated with the ENSO cycle, with the largest events occurring after an interval several 
years with little or no flowering. As most plant species can only reproduce successfully 
during large flowering events, changes in the ENSO cycle, as a result of global warming, may 
have serious ramifications for forest regeneration in this region. 
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Fig. 1 Plant reproductive phenology over 10 years at Lambir Hills National Park, Sarawak, 
Malaysia and climatic variables. (a) Temporal changes in the proportion of flowering (thick 
red line) and fruiting (thin line) in all individuals. (b) Changes in the proportion of flowering 
(thick red line) and fruiting (thin line) individuals of Dryobalanops aromatica and D. 
lanceo/ata (Dipterocarpaceae) (N = 15). (c) Changes in total rainfall over the proceeding 
30-day period starting from the day of observation. The horizontal line indicates 40 mm, our 
definition of drought. (d) Daily changes in minimum temperature. (e) Daily changes In 
average net daily radiation over a 10-day period starting on the day of observation. 
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Do the storage resources become a limiting factor for reproduction of 
dipterocarp emergent trees? 
Tomoaki ICHIE 1*, Tanaka KENZ02, Michiko NAKAGAWA3, Takayoshi 
KOlKE4 
I Faculty of Agriculture, Kochi University, Nankoku, Japan 
2 Forestry and Forest Products Research Institute, Tsukuba, Japan 
3 Research Institute of Human and Nature, Kyoto, Japan 
4 Hokkaido University Forests, FSC, Sapporo, Japan 
Dynamics of resource allocation during general flowering process of two emergent tree 
species, Dipterocarpus tempehes and Dryobalanops aromatica (Dipterocarpaceae), were 
studied in a lowland dipterocarp forest in Sarawak, Malaysia. Resource limitation is 
considered to be proximate factor based on the speculation that mass-fruiting trees must 
consume large amounts of their storage resources in a very short period and require certain 
time to restore the resources concerning general flowering events. However, there are few 
quantitative studies to verify these speculations and even scanty reports on the main organs of 
tropical emergent trees that stored resources for flowering events. In this study, we aimed to 
elucidate the primary source of the resources for flowering and followed seed production 
during general flowering event of D. tempehes and Dr. aromatica by comparing resource 
concentrations in various organs during a general flowering year. Moreover, we measured 
rates of light-saturated photosynthesis in leaves of reproductive shoots, and carried out the 
experiment of twig girdling in combination with leaf removal to examine the contribution of 
storage resources and/or photosynthetic production to the cost of reproduction during general 
flowering event. As a discussion, we test the hypothesis that the storage resources become a 
limiting factor for reproduction of dipterocarp emergent trees from the viewpoint of the 
relationship between year-to-year variation in seed production for each individual of two 
species and dynamics of the storage resources during general flowering event. 
4 
Abundance of Apis dorsata (Hymenoptera: Apidae) in respond to general-
flowering in Lambir Hills National Park Miri, Sarawak, Malaysia 
Ret KALIANG 1, Takao ITIOKA2, Shoko SAKAI3 
'Sarawak Forest Corporation, Forest Research Center, kmlO Jalan Datuk Amar Kalong Ningkan, 
93250 Kuching, Sarawak, MALAYSIA; 
2 Graduate School of Human and Environmental Studies, Kyoto University, JAPAN. 
3'Center for Ecological Research, Kyoto University, JAPAN. 
The giant honey bee, Apis dorsata, which is known to be a very effective pollinator of many 
plants in tropical rainforests, inhabits lowland tropical rainforests in South East Asia, where a 
supraannual community-wide mass-flowering, so-called general flowering, occurs at intervals of 
4 years on average. A lot of studies had been conducted with much attention to the roles of 
honey bee in promoting the general flowering in the area. The temporal trend of the giant honey 
bee was obtained by monthly light trapping and nest counts in a lowland dipterocarp forest in 
Sarawak. The trend demonstrated how the honey bee respond to general flowering; the numbers 
of A. dorsata workers collected by light traps drastically increased during general flowering 
periods, the number of bee nests increased in correspondence with the worker number, and, in 
contrast, the trapped workers and nests were very few during non-flowering periods. These data 
suggest that the A. dorsata population increases rapidly in response to general flowering. Drones 
of A. dorsata were present during the general flowering period but there is no evidence that 
reproduction by A. dorsata occurs only in general flowering periods. Recently, some pieces of 
indirect evidence have been obtained that the honey bees migrate from swamp forests on 
riversides to lowland forests in response to occurrence of general flowering in Sarawak. These 
suggest that the honey bee responds numerically to drastic increase of floral resources such as 
those at general flowering through their long distance migration. Considering a few studies 
showing evidence that the giant honey bee highly contributes to pollination of canopy trees in 
lowland forests there, the long distance migration by the honeybee corresponding to general 
flowering could be the proximate factors that promote and maintain the general flowering in 
tropical rainforests in South East Asia. 
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Termite fauna of Lambir Hills National Park 
Paulus MELENG 1*, Yoko TAKEMATSU2 
I Forest Research Centre, Sarawak Forestry Corporation, Sarawak 
2Yamaguchi University, Faculty of Agriculture, Department of Biological and 
Environmental Sciences, Japan 
The knowledge of insect biodiversity in Sarawak is limited, and the termites, belong to the 
insect order Isoptera, are among the understudied taxa. They are of economic important because 
of their damages to wood materials. This has always obscured their importance to the ecological 
role in the breakdown of vegetative matter and their tremendous variety and complexity of their 
biology (Krishna and Weesner, 1969). Termites are widely distributed throughout the tropics as 
well as some temperate regions and achieve their highest diversities and abundance in the 
rainforests of Africa, South America and Southeast Asia (Collins, 1988; Bignell and Eggleton, 
1998). In Borneo, Thapa (1981) listed 104 species from Sabah. There has been no major study of 
termites in Sarawak apart from the study of termite ' s fauna of Gunung Mulu National Park by 
Collin (1984), 
The main aim of our study was to clarify the termite fauna in Sarawak. In this study, we 
have surveyed the termite fauna for two years at Lambir Hills National Park from early 2004 
until 2005 . Termites were collected mainly by random sampling. Mounds, nests, leaf liter, dead 
or rotten woods and soil were observed. Photos of the nest were taken when necessary. Termite 
samples were preserved with 80% alcohol. Termites were identified according to the 
morphological characters using binocular. After the identification, we classified all termites into 
three functional groups according to their decomposition ability: wood-feeder, fungus-feeder and 
soil-feeder. 
About 60 species belong to 27 genera from three families of termites were recorded during 
the study. Among the three families, Termitidae was the best represented from the park. The 
results indicate a very high diversity within the park itself. The results were lower compared to 
the study by Collin (1984) who listed 77 species from Gunung Mulu National Park. Results also 
show most of the species nested in wood on the soil. Epigeal mound nesting species were much 
less compared to the wood on the soil nesting. Arboreal-nesting and subterranean termites 
contributed the least number of species. 
In this study, we also discuss the composition of functional groups in regard to their 
decomposition abilities. 
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Patterns of plant-animal interactions and plant diversity in relation with 
spatial distribution of land use around Lambir Hills National Park 
Kuniyasu MOMOSE 1, Michi KAGA2, Miyako KOIZUMI2, Hiroshi TANAKA3, 
Keiko KISHIMOT03, Takashi MATSUMOT03, Takao ITIOKA3, Michiko 
NAKAGAWA 4, Mitsunori YOSHIMURA 4, Masahiro ICHIKAWA 4, Lucy 
CHONG5, Tohru NAKASHIZUKA 4 
I Faculty of Agriculture, Ehime University, Matsuyama, 790-8566, Japan 
2 Graduate School of Asian and African Area Studies, Kyoto University, Kyoto, 606-8566, 
Japan 
3 Graduate School of Humanity and Environment, Kyoto University, Kyoto, 606-8566, Japan 
4 Research Institute for Humanity and Nature, Kyoto, 602-0878, Japan 
5 Forest Research Center, Sarawak Forest Cooperation, Kuching, Sarawak, Malaysia 
We studied the effects of land use patterns on plant species diversity and plant-animal 
mutualistic interactions in the processes of plant reproductions. We settled 33 plots of 0.1 ha 
having various land use histories: young fallow, old fallow, old rubber plantation, remnant 
forests , and primary forests. Referring our previous works about plant reproductive ecology, 
relations among land use types, these distributions, characteristics concerning plant 
reproductions, and plant species diversity were analyzed using GIS. 
Pollination systems and seed dispersal systems were clearly different depending on land 
use. Such patterns were explained from plant reproductive intervals, which are related with 
mortality of plants, and habitats required by mutualistic animals. In remnant forests , plants 
with gravel seed dispersal systems increased, because sink-source balances changed. 
In summery, secondary forests are not suitable habitats for plants with long reproductive 
intervals, and remnant forests are not suitable habitats for plants with long-dispersed seeds. 
Primary forests are indispensable for plants with such the combination of reproductive 
characters to regenerate. Only plants with limited types of reproductive characters can invade 
to human-affected areas or can remain in remnant forests . 
However, the spatial distribution of forests modifies the above general conclusion. Plant 
diversity of remnant forests or old fallows increased if there were relatively large areas of 
primary vegetation within the surrounding area with a radius of 600 m. In remnant forests or 
old fallows neighbored by primary forests , plant species compositions and reproductive 
characteristics tended to be similar with primary forests . On the other hand, areas of remnant 
forests themselves and ages of old fallows did not significantly affect species components 
and diversity. Thus, people can continue to use rich biological resources in human-affected 
areas surrounding primary forests , if primary forests are well conserved. 
The villagers used plants common in secondary forests for foods and materials 
consumed in everyday life and plants found in primary forests for enchantments or 
constructions during rare events or crucial moments. Such differences were also reflected in 
folk tails and naming systems of wild plants. Because, secondary forests were rich in species 
with frequent reproduction and higher values of "r" (potential population growth rate), plants 
in secondary forests hardly become extinct even under intensive use. If primary and 
secondary forests are neighboring, flora of the latter became richer affected by the former. 
Because people walk around secondary forests much more frequently, some rare species were 
also collected mainly from secondary forests neighboring to primary forests . Thus, 
populations of useful rare species in primary forests , which are seed sources of the 
populations in secondary forests , are kept intact. 
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Annual record of illipe nut export as a biological memory chip 
of dry weather in Sarawak 
Takuo YAMAKURA1*, Akira ITOH 1, Satoshi NANAMI 1, Mamoru KANZAKf, 
Tatsuhiro OHKUB03, LEE Hua Seng4, Sylvester TAN 5 , Lucy CHOMG5, 
Joseph Jawa KENDAWANG6 
I Department of Biology and Geoscience, Graduate School of Science, Osaka City University, 
Japan 
2Department of Forest and Biomaterial Science, Graduate School of Agriculture, Kyoto 
University, Japan 
3Department of Forest Science, Faculty of Agriculture, Utsunomiya University, Japan 
4Sarawak Timber Association, Sarawak, Malaysia 
5Forest Research Center, Sarawak Forestry Corporation, Sarawak, Malaysia 
6Reforestation and Rehabilitation Branch, Forestry Department, Sarawak, Malaysia 
Fruiting is directly influential in seedling regeneration and is an important component 
process of the forest maintenance mechanisms. The mast fruiting subsequent to general 
flowering is one of striking features of dryland forest in Malesia and is combined with severe 
climatic desiccation (Ashton et al. 1988, Roubik et al. 2005). It occurs at irregular intervals of 
two to ten years and its intensity in allover Sarawak appears to be reflected in a long historic 
record of illipe nut production that is exported from Sarawak. The nut quantities listed in the 
record were analysed to substantiate possible major cycles of mast fruiting, in addition to the 
numerical test for the correlation between illipe nut export and dry weather. Denoting a given 
export year by t, the exported nut quantity at t was expressed by X(t). The two dimensional 
graphic representation of X(t-l) vs. X(t) relationship demonstrated that large X(t) > 1500 
ton/year seldom occurs in consecutive years because the most of data of X(t) aligned on the 
horizontal axis (X(t)) and vertical axis (X(t-l))of the graph, respectively. This suggests the 
possible smallest cardinal number of two in the mast fruiting cycles. A spectral analysis of 
X(t) clarified the two prominent cycles of 16-year and 24-year intervals, respectively, and 
apparent but weak four-year and eight-year cycles. The monthly rainfall less than 100 mm or 
3.93 inches (hereafter, P) was a focal variables in the investigation of the correlation between 
illipe nut exports and dry weather. To a given export year of t, the rainfall records of six 
months from July to December in the year of t-l and further six months from January to June 
in the year of t were tentatively assigned because it takes several months for fruit maturation 
after flowering. Thus the six-month lag is assumed in handling rainfall records compiled by 
the Department of Irrigation and Drainage, Sarawak (1962-1999). The variable P in the 
assigned year was collected from respective months and respective hydological stations. Then, 
the ratio of total number of P's records to the total number of all available rainfall records 
(hereafter, desiccation probability), L'loyd's mean crowding index with respect to the 
monthly pattern of the occurrence of P, and average of P in the assigned year were calculated. 
These three variables, respectively, express the frequency, concentration, and degree of P, and 
represented positive, positive, and negative correlation with illipe nut exports. The spectral 
analyses of these three variables supported the aforementioned cycles in illipe nut exports. 
Thus the illipe nut export record appeares to be a biological memory chip of dry weather in 
Sarawak and offers an epidemiological basis for the investigation of general flowering and 
mast fruiting. 
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- A synthesis of findings from a IS-year population study at Lambir -
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Kapur or the genus Dryobalanops (Dipterocarpaceae) consists of seven species, which 
sometimes dominate the canopy of Bomean tropical rain forests. Kapur is also important for 
forest plantation in Malaysia. Knowledge of ecology of Kapur therefore provides useful 
information not only for purely ecological questions but also for plantation and restoration of 
tropical rain forests . In this presentation, we will summarize the results of a series of studies 
on population dynamics of two Kapur species, D. aromatica and D. lanceolata, at Lambir 
Hills National Park in Sarawak. The following are our major findings over the last 15 years. 
Seed production: Both species produced seeds relatively often in Dipterocarpacea, 
which show general flowering phenomena in reproduction. For D. aromatica, individual 
variation in fruiting was related to topography within a population in a mast year. Individuals 
on sandy ridges were more likely to produce fruits than those on clay rich valleys if their 
sizes are similar. 
Seed dispersal: Their fruit are dispersed by wind, but the dispersal distance was limited 
(mostly < 30 m). The dispersal of fruits was fitted well to a Weibul distribution model, by 
which we could estimate density of dispersed seeds at any sites within a 52-ha study plot. 
Seedling establishment: Establishment of seedlings from dispersed seeds was affected 
by topography and canopy gaps. A field experiment showed that establishment rate was lower 
in valleys than on ridges, and lower under closed canopy than in canopy gaps for both species. 
Under closed canopy of sandy ridges, only 1.7% of seeds could establish to seedlings in D. 
lanceolata, while quite a few seeds established in D. aromatica. No density and distance 
effects were found in seed mortality for both species. 
Seedling survival and growth: Established seedlings of both species were shade tolerant; 
10%-20% of seedlings survived > 10 years under closed canopy. Seedlings survived slightly 
better in gaps; 10-year survival rates were 20%-30%. However, seedlings under closed 
canopy grew little: mean height growth during 10 years was 20-40 cm under closed canopy. 
In contrast, seedlings grew well in canopy gaps; mean height growth was 100-150 cm in 10 
years. Seedling survival was suggested to be affected by topography, distance to mother tree 
and seedling density as well as canopy gaps. 
Dynamics oflarger trees (dbh > 1 cm): Population dynamics and growth for trees > 1 cm 
dbh has been monitored in a 52-ha plot from 1992. Mortality was significantly affected by 
tree size (dbh) for both species and by topography for D. aromatica, which had higher 
mortality on valleys. E1 Nino drought in 1998 elevated mortality of both species. El Nino 
effect was especially large in trees of D. aromatica standing on sandy ridges. Diameter 
growth was also affected by topography; trees in valleys grew better for both species. During 
the last 10 years, the population of D. aromatica and D. lanceolata increased 43.7% and 
12.3%, respectively, in the 52-ha plot, while trees of all species increased only 7.3%. 
In our presentation, we will make a model for population dynamics of Kapur based on 
these results. We will simulate their population dynamics and discuss their characteristics. 
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· Structure and dynamics of Allantospermum borneense Form. (Simaroubaceae) 
in 52-ha plots at Lambir Hills National Park, Miri, Sarawak. 
Sylvester TAN' 
I Conservation Biodiversity Research, Applied Forest Science and Industrial Development Unit, 
Sarawak Forestry Corporation, Forest Research Centre, Kuching, Sarawak. 
Question 1: Do trees in rain forest associate with a particular habitat? 
Question 2: Do species-habitat association, if they exist, contribute to the equilibrium species 
coexistence in the tropical rain forest? 
The 52-hectare plot in Lambir Hills National Park, Sarawak, Malaysia, is the most diverse 
plot in the CTFS network and is among the most diverse tropical forests in the world. 
Following the 1992, 1997 and 2002 recensuses, I estimated there to be c.1200 tree species 
coexist in the plot. Allantosperrnurn borneense (Simaroubaceae) is one of the top five abundant 
species in the plot. The structure and dynamics (spatial distribution, mortality and recruitment 
rates) of A llan tosperrn urn borneense were studied and analysed for all trees 1.0 cm diameter 
using torus-translation to clarify the wide distribution that contributed to the high population and 
regeneration of this species in the plot. The torus-translation test showed that Allantospermurn 
borneense had a significant positive association with at least one habitat. The observed 
positive-species-association reduced the number of counterpart competitors, thereby contributing 
to the coexistence of Allantosperrnum borneense in the plot according to the expectations of 
equilibrium hypotheses. 
Annual growth and mortality for Allantospermum borneense were estimated for trees m 1.0 
cm in diameter and compared among habitats, life histories and species-aggregation patterns. 
Diameter growth per tree (mm y-I) was calculated as the diameter increment in millimetres 
divided by the inter-census interval in years. Diameter growth rate is relatively small in all 
diameter classes. Extreme growth rate outliers were excluded. Annual mortality rate (% il) were 
calculated as M = 100 x 10g(No) - 10g(S))/T, where No is the initial number of living trees, S is 
the number of surviving trees, and T is the mean interval in years between recensuses. The low 
mortality and high recruitment rates and the ability of the species to coppice are among the 
factors for the species to maintain its wide distribution and high population. 
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Genetic variation and genetic differentiation in three species of Dryoba/anops 
in Sarawak 
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Dryobalanops is one of the most important tree species in Borneo as timbers as well as 
main canopy forming trees. We collected leaf samples of Dryobalanops species including D. 
aromatica from Lambir Hills National Park (21), Similajau National Park (21), D. beccarii from 
Sibu (22), Batang Ai (24), Bako (28), Kuba (11) and Gunung Gading (21) and D. lanceolata 
from Lambir Hills National Park (10), Niah (7), Sibu (14) and Kapit (4). DNA was extracted 
from these samples and analyzed for sequences in non-coding regions of the chloroplast trnT-L 
spacer, trnL intron, trnL-F spacer, trnH-K spacer and trnH-K spacer covering a total of 2122bp. 
Eighteen nucleotide substitutions and three indels were found in D. lanceolata resulting 16 
haplotypes, whereas, 10 nucleotide substitutions and six indels were found in the closely related 
species group of D. aromatica and D. becarii resulting 15 haplotypes. One substitution (at no. 
984 in trnT-L spacer) was fixed with T in D. aromatica, and G in D. beccarii. The result is 
summarized in Table 1. 
Table 1 Genetic variation in five chloroplast non-coding regions of three Dryobalanops species. 
No. Nucleotide substitutions 
No. Indels 
No. Haplotype 
D. lanceolata 
18 
3 
16 
D. aromatica 
2 
2 
5 
D. beccarii 
7 
4 
10 
This shows the largest genetic variation in D. lanceolata among the three species and the 
smallest in D. aromatica. Minimum spanning network was constructed for these haplotypes and 
shown in Fig. 1. This shows that the haplotypes in D. beccarii were differentiated in central 
Sarawak (Sibu and Batang Ai) and western Sarawak (Bako, Kubah and Gunung Gading). 
Furthermore, D lanceolata and D. beccarii shared three common haplotypes in central Sarawak. 
This suggests an ancestral polymorphism in D. lanceolata and D. beccarii, and central Sarawak 
is the possible centre of speciation of Dryobalanops at least for these three species. 
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Fig. 1 Minimum spanning network showing genetic relationship among the haplotypes identified 
in three Dryobalanops species. 
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Development of DNA gene bank in Sarawak 
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Sarawak is among the richest in species estimated to harbour 9, 000 to 15, 000 species 
(Merril, 1950; van Steenis 1950; Kiew 1984; Mat Salleh et al. 1992). It is also recorded as high 
in species endemism. About 40 to 50 % of total estimated vascular plant species are endemic to 
Borneo and out of this total up to 80% are occur in Sabah and Sarawak (Soepadmo 1995). 
Ashton, 1982 stated that from 291 known species of Dipterocarpaceae in Borneo 257 species are 
restricted to Sarawak and Sabah. Though most plant species in this state are well documented 
and most species are described but scarcely document on genetic information available. Genetic 
variation is essential for population to be able to adapt to their environment (Darwin 1859). 
The establishment of DNA Gene Bank at Sarawak Forest Research Centre in 2,000 under 
collaborative project of Sarawak and Japanese government was a beginning to an effort to 
conserve and documenting the genetic variation from plant species throughout Sarawak. It is one 
of the suitable and efficient ways to preserve representative genetic information. Main activities 
carried out here are collecting leaves or bark samples, identifying leaves samples to at least 
vernacular name in the field and confirming the species name at the Sarawak herbarium, sorting 
leaves for dry sample collection, extracting DNA, storing and sending DNA isolated to 
collaborative partners, and entering and organize data in the DNA database. Until end of August 
2005 the bank has more than 6, 000 DNA isolates extracted from a total of 135 species 
representing 29 families . These samples were collected from throughout Sarawak from several 
forest types. Currently the DNA bank involved and assist in three international collaborative 
projects and carry out one internal project. 
Our strategy for near future will be on updating database, developing skill and knowledge, 
further develop international contacts and collaborations, and carry out more research that can 
benefit the government, private agencies and local people. 
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Molecular population genetics in the species of Shorea (Dipterocarpaceae) 
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Genetic variation in natural population of forest tree species is strongly influenced by 
historical and ongoing evolutionary forces, such as mutation, genetic drift, gene flow and 
natural selection. Since genetic variation is source of adaptation of organisms and its loss is 
thought to increase the extinction probability, it is important to characterize genetic variation 
in present natural populations and its changes over a long geological period. Tropical rain 
forests are characterized by high species diversity of trees, and so each recognized species 
survives in exceptionally low population density. Coexistence of the closely related species 
contributes high species diversity at the small spatial scale. The extremely low density of 
tropical forest trees and their unique mating systems are notable, and very different from 
those of temperate forest trees. Here, we report the extents and patterns of genetic 
polymorphisms and genetic divergences in the Southeast Asian Shorea species. 
Shorea is the largest genus in Dipterocarpaceae and consists of about 200 species. To 
refine systematics of this economically and ecologically important group, molecular 
phylogenetic study was conducted based on the analyses of nucleotide sequences of 
chloroplast and nuclear genes. Results of the phylogenetic analyses were mostly consistent 
with the Ashton's classification, and four known timber groups (Red Meranti, Selangan Batu, 
White Meranti, and Yellow Meranti) were shown to be well-separated genetically. However, 
closely related species within Red Meranti shared genetic variation, and the sequence 
divergence among species were generally low. This suggests recent diversification of the 
Shorea species. 
Our phylogenetic studies of the closely related species of Shorea highlighted their 
complicated evolutionary history. The shared genetic variation could be attributed to 
persistence of variation that was present in the ancestral species (ancestral polymorphism). 
However, the low level of divergence and general flowering also suggest that closely related 
species could have exchanged genes through hybridization (gene introgression). Therefore, it 
is necessary to discern the two possible causes, ancestral polymorph isms and gene 
introgression, of the shared variation among the species. For this purpose, we examined 
nucleotide sequences of four nuclear genes (PgiC, GBSSI, Met, and Gdh) and chloroplast 
MatK gene in four Shorea species (S bullata, S fallax, S kunstleri, and S smithiana), all of 
which grow sympatrically at Lambir Hills. Data of DNA polymorphisms and divergences of 
the Shorea species were used for testing the "isolation with migration" model of divergence 
(Hey and Nielsen, 2004). This recently developed popUlation genetic model based on 
Bayesian and likelihood methods offers estimates of many parameters (effective population 
sizes of ancestral and the descendant species, rates of gene introgression from one to the other, 
and time of species divergence). These parameters provide historical insights into evolution 
of very closely related species living sympatrically. The estimates of population size were 
much smaller in the ancestral species than in the descendant species. Certain extents of 
introgression were observed in the pairs of S buliatalS fallax, S buliatalS smithiana, S 
fallaxlS kunstleri, and S fallaxlS smithiana, whereas no evidence of introgression was found 
in the other comparisons. The results suggest that historical gene introgression, probably 
having occurred at the earlier stage of the speciation, rather than ancestral polymorphisms, 
caused shared genetic variation and discordant phylogenetic inferences in the Shorea species. 
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In conclusion, our phylogenetic and population genetic studies showed that the Shorea 
species are characterized by lower genetic divergence and share some genetic polymorphisms 
among species probably by historical gene introgression. Gene introgression among different 
species may create novel gene combination that may result in phenotypic differentiation and 
adaptation to local environment. Extents of the introgression may be different among local 
populations where species compositions are different. Hence, conservation of local species in 
situ is very important to preserve them, considering prospective evolutionary changes in the 
tropical rain forests. 
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Microsatellite DNA analysis of two dipterocarp species in a tropical 
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Genetic diversity in natural tree populations has received much attention from foresters , 
ecologists and geneticists recently. For conservation or restoration of forests , it is important to 
preserve not only number of individuals, i.e. a quantitative trait, but also high genetic 
variation, i.e. a qualitative trait, within a plant population. The aims of this study are to 
elucidate the genetic diversity of dipterocarp tree populations and to discuss how the level of 
genetic diversity is created and maintained. 
The study forest was located in a mixed dipterocarp forest of Lambir Hills National Park 
(4° 12 ' N, 114°00 ' E) in Sarawak, East Malaysia. In the 52 plot established in the forest, all 
woody plants larger than 1 cm in stem diameter (dbh) at breast height were mapped, and their 
species and size were recorded (Lee et al. 2002). In this study, two dipterocarp emergent tree 
species, Dryobalanops aromatica and Shrea curtisii, are selected as focal species. A main 
pollinator of D. aromatica is the giant honey bee (Apis drosata), a long-distance pollinator 
(Sakai et al. 2005). On the other hand, Shorea species are pollinated by beetles with low 
mobility (Momose et al. 1998). 
We picked up fresh leaves from all trees 2 30 cm in dbh in the plot (403 trees for 
Dryobalanops and 52 trees for Shorea) . From the leaves, DNA was extracted by a modified 
CTAB method (Murry & Thompson 1980). Using microsatellite markers (Ujino et al. 1998), 
genotype of all trees 2 30 cm in dbh in the plot (403 trees for Dryobalanops and 52 trees for 
Shorea) was discriminated. 
Here, we report the genetic variation and genetic structure of the two species in the 52 
ha plot. 
REFERENCES 
Lee, H.S. , Ashton, P.S. , Yamakura, T , Tan, S. , Davies, S.J., Itoh, A. , Chai, E.O.K., Ohkubo, 
T , LaFrankie, lV. , 2002. The 52-hectare forest research plot at Lambir Hills, Sarawak, 
Malaysia: tree distribution maps, diameter tables and species documentation. Forest 
Department Sarawak & The Arnold Arboretum-CTFS Asia Program. 
Momose, K. , Yumoto, T , Nagamitsu, T , Kato M., Nagamasu, H., Sakai , S., Harrison, R.D., 
Itioka, T , Hamid, A.A. , Inoue, T , 1998. Pollination biology of a lowland dipterocarp forest 1. 
Characteristics of the plant-pollinator community in a lowland dipterocarp forest. American 
Journal of Botany, 85: 1477-150l. 
Murry, M.G. , Thompson, W.F. , 1980. Rapid isolation of high molecular weight plant DNA. 
Nucleic Acids Research, 8: 4321-4325 . 
Sakai , S., Momose, K. , Yumoto, T , Nagamitsu, T , Nagamasu, H. , Hamid, A.A., Nakashizuka, 
T , Inoue, T , 2005 . Plant reproductive phenology and general flowering in a mixed 
dipterocarp forest. Pollination Ecology and the Rain Forest (eds Roubik D.W., Sakai, S., 
Hamid, A.A.) , pp35-50. Springer, USA. 
Ujino, T , Kawahara, T , Tsumura, Y , Nagamitsu, T , Yoshimaru, H. , Ratnam, W., 1998. 
Development and polymorphism of simple sequence repeat DNA markers for Shorea curtisii 
and other Dipterocarpaceae species. Heredity, 81: 422-428 
17 
The importance of ecological research for the forest resource managers 
LEE Hua SengI 
J Sarawak Timber Association 
The forest resource manager is concerned about the management of the forest estate, its 
inhabitants and the people who depend on it for a living. He is also concerned with its 
rehabilitation and restoration in cases where degradation has occurred in the ecosystem. 
Restoration of the ecosystem obviously requires an understanding of ecosystem functions and 
such understanding can usually be gauged from ecological studies. Such a restoration exercise 
is essentially mimicry of the ecosystem. Although there may be limitations in the results 
generated by ecological research, they still provide a valuable guide to the forest resource 
manager. 
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Most of the upland soils in the tropics could be considered as moderately to strongly 
weathered soils with strong acidity. The distribution is very extensive on the hill and 
mountain excluding lowland or coastal areas. Ferralsols, Nitisols, Alisols, and Acrisols 
(FAO/UNESCO, 1974) or Ultisols, Alfisols or Inceptisols (Soil Survey Staff, 1992) are the 
major soil types on this region. Among them, Alisols showed a strong acidity due to high 
content of exchangeable aluminum together with high activity clays in soils. On the other 
hand, Ferralsols, Nitisols, and Acrisols contain low activity clay with certain amount of 
exchangeable aluminum. In both cases, acidity due to the presence of exchangeable 
aluminum would be the strongest constraint for crop cultivation together with low fertility 
caused by strong weathering. In addition, mountainous region is universally utilized for 
agricultural practice by the local people, and therefore, productivity of crops is generally very 
low. 
When the local people open this type of land and continue to use it for several years, 
depletion of organic matter in the surface soil by both decomposition and soil erosion as well 
as accelerated acidification in the subsurface soils proceed quickly due to high temperature 
and humidity and heavy rain. Once degraded by these processes, the soil could not be utilized 
any more and be left for fallow for several years. For the next crop cultivation, at least more 
than 4 years would be necessary to have an appropriate regrowth of the vegetation. The time 
necessary for it differs depending on the climate and soils. 
Ecosystem rehabilitation project by tree planting has been attempted since 1995 in 
Bakam Forest Reserve (BFR) and Niah Forest Research Station, Miri, Sarawak, Malaysia. In 
BFR, line planting method and patch & cluster/nest planting method were adopted for this 
purpose for 1st (December 1996 to February 1997) and 2nd (December 1997 to February 
1998) plantings (Fig. 1). Because the severe drought occurred at the beginning of 1998 
(during 2nd plantation), adaptability to such a droughty condition of Koompasia malaccensis 
and Parashorea smithesii followed by Dryobalanops aromatica and D. lanceolata were 
found to be higher, based on the ecophysiological properties of 9 domestic tree species. 
At Niah Forest Research Station, 20 species were planted on March to April in 2000 
using "Island-corridor" plantation scheme. This scheme seems to be an improved system for 
planting trees for ecosystem rehabilitation, compared with the patch and cluster/nest planting 
scheme adopted in BFR. The growth of the seedlings of seven species among 20 species 
planted has been monitored since January, 2000 till now. This new planting scheme aims at to 
guarantee the higher survivorship of planted seedlings against drought and high temperature 
by higher local density. 
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Rehabilitation of the degraded ecosystem could be achieved as the increase in sensitivity 
and subsequent recovery to the environmental change. Soil weathering status was suggested 
as the most important soil factor to evaluate the current status of degradation. 
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Shifting cultivation has been one of a major agricultural activity in Sarawak, Malaysia. 
The shifting cultivation with a long enough fallow period has been considered to be in 
harmony with the forest environment and the increase of waste lands or the degradation of 
tropical rain forest has never happened in the traditional shifting cultivation. However, recent 
explosion of population density and involvement into world commercial activities made 
fallow length shorter and the increase of rural land area is resulted. 
In Sarawak, Malaysia, the area of cultivated land changed from forest were doubled 
(from 28,000 ha to 57,000 ha) and the forest land decreased from 9,100,000 ha to 8,000,000 
ha during 1963 and 1991 (Keong, 1998). In this condition, the annual rate of land conversion 
to shifting cultivation is 75 ,000 - 150,000 ha, which is 0.6 - 1.2 % of the total land area and 
2.7 x 106 ha is either under use or has been used at least one for shifting cultivation, which is 
22 % of total land (Teng, 1993). The present land-rotation system consists of continuous rice 
cropping for 2 years or more with a shorter fallow period of about 5 years. This system with 
shorter fallow period accelerates wide expansion of degraded land. Once the rural land is 
formed in tropical area, the rehabilitation of the degraded area is very difficult due to the 
violent run off caused by heavy rain and deathly dry and hot soil surface by strong sunshine. 
The vegetation recovery process after burning is an important knowledge to rehabilitate 
the degraded land before the condition become fatal. There are a considerable number of 
studies on the vegetation recovery after shifting cultivation or forest burning for tropical rain 
forests . However, none of them analyzed the effect of a burning strength on the vegetation 
recovery process after shifting cultivation, although the strength can control by man and 
hence the most important keys to build up a proper management plan of shifting cultivations. 
The purpose of this study is to make clear the effects of fire strength in shifting cultivation on 
early stage of secondary succession. 
This study was curried out as a part of study series for sifting cultivation conducted in 
Sarawak, Malaysia. In this paper, we focus on early stage of secondary succession (one or 
two years after burning), because the early stage is the most important phase not only to 
whole recovery process itself but also to rice cropping which curried out one or two years 
after burning. A suitable burning strength concerning to vegetation recover should be a good 
criteria to make a proper management system in shifting cultivations. 
Four study sites, Sabal, Balai Ringin and Niah, were selected to compare site effects on 
vegetation recovery. In order to analyze the effect of burning strength on vegetation recovery, 
we conducted experimental shifting cultivation in which the burning strength differed as 0, 
100, 200 and 300 tonlha in Sabal, Balai Ringin and Niah and 0, 20, 100 tonlha in Bakam, by 
given amounts of vegetation biomass were burned as fuel. The number of germination and 
growth of the germinated seedlings in terms of diameter, height and biomass were measured. 
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Species composition of germinated seedlings was surveyed. The germination test for buried 
seed conducted in Niah and Bakam. 
The number of germination decreased with burning strength but the growth of the 
seedlings was promoted by burning. The growth was the best in moderate burning strength in 
first year while the best in stronger burning strength in second year after burning. Such site 
factors as original biomass, soil property and invasion of exogenous species also affects to 
the germination and growth of seedlings. Buried seeds were almost killed by the burning. 
Species composition of the germinated seedlings was changed in burned sites from unburned 
sites. 
Stronger the burning strength resulted in less the number of germination and faster the 
growth of germinated seedlings within the burning strength studied. Reduction of the number 
of germination is preferable to crop cultivation in terms of less weed. On the other hand, 
promotion of the growth is considered to provide a good site condition either for crop or 
germinated seedling which contributes vegetation recovery. It is concluded that a burning in 
shifting cultivation promotes both crop production and vegetation recovery when the burning 
strength is properly managed. 
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Graduate School of Agriculture, Kyoto University, Kyoto 606-8502, Japan 
3 Faculty of Agriculture, Miyazaki University, Miyazaki 889-2192, Japan 
This study is part of a larger study entitled 'Decomposition Processes in Asian Tropical 
Forests '. The purpose is to compare the litter fall pattern, decomposition rate and phenology 
of two lowland forests ; a mixed dipterocarp forest and an Acacia mangium plantation located 
west of Sarawak. 
Sampling of litter fall was done monthly using litter traps placed one each on the comer 
of every one of the 25 quadrates. The sampling of the forest floor litter was also done 
monthly for 12 months. The relationship between the estimated monthly forest floor litter and 
litter fall was used to determine decomposition rate or turnover coefficient (kd. To determine 
the influence of rainfall on litter fall production, the monthly rainfall data was recalculated 
from the day of litter fall collection to the day of preceding month of the subsequent 
collection month. 
The litter fall for the natural forest was slightly less but with higher leaf composition 
compared to a similar studies in lowland dipterocarp forest north east of Sarawak. Litter fall 
peaks were recorded during the drier periods. Litter production in the plantation forest was 
much higher as compared to the natural forest even though tree density was much less. 
Higher litter fall was contributed to higher proportion of flowers and fruits , which was 
11.4 % as compared to 3.4 % in the natural forest. Leaf fall pattern of the pioneer tree species 
was observed to be similar to the trees of the natural forest. Higher rate of decomposition 
seems to be influenced by higher rainfall. However moist and warm condition in the 
plantation forest floor rather than cold and wet forest floor in the natural forest may be more 
conducive for faster rate of forest floor litter decomposition. Litter fall pattern and 
composition of both forests are further suggested and discussed. 
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Effects of shifting cultivation on soil and vegetation succession and 
techniques for the rehabilitation of shifting cultivation areas 
in Sarawak, Malaysia 
Joseph Jawa KENDAWANG 1, Sota TANAKA2, Katsutoshi SAKURAI3, Ikuo 
NINOMIYA4 
'Forestry Department, Sarawak, Kuching 93660, Malaysia 
2Graduate School of Kuroshio Science, Kochi University, Nankoku, 783-8502 Japan 
3Faculty of Agriculture, Kochi University, Nankoku, 783-8502 Japan 
4Faculty of Agriculture, Ehime University, Matsuyama, 790-8655 Japan 
In Sarawak, Malaysia shifting cultivation remains one the most important agricultural 
activities for rural farmers. It is estimated that about 50,000 households or 38.5 % of the total 
agricultural households in Sarawak are still engaged in this traditional form of agricultural 
practices and it provides about 70% of self-sufficiency in rice among the shifting cultivators. 
However, the practice of shifting cultivation has now spread into the permanent forest estate 
and threatens the hill forest resources in Sarawak. It is estimated that about 3.0 million 
hectares or 24.4% of the total land area in Sarawak is currently affected by shifting cultivation. 
A study to evaluate the effects of shifting cultivation on soil and vegetation succession. 
was conducted from 2001 to 2004 at Sabal ER. , Balai Ringin P.E, Niah ER. and Bakam 
Experimental reserve in Sarawak. This study indicates that shifting cultivation conducted on 
clayey soil is found to be sustainable and can maintain soil fertility as long as the rice is 
cultivated for only one year on the same piece of land. When burning is conducted with the 
fuel amounting more than 100 Mg ha-', sufficient ash addition can improve soil fertility and 
reduces soil acidity. A flush of NH4-N caused by heat during burning (Fig. 1 ) is found to be 
important for N supply to rice 120 Niah: NH 4-N 120 Niah: N03-N 
plants. 100 Before burning III 100 
The result obtained from"7 80 "7 80 
this study also supports the Jt 60 Jt 60 1 
sustainability of the traditional ;z ;z 
shifting cultivation. The use ~ 40 ~ 40 
of chemical fertilizer instead 20 20 
of ash may cause water 0 0 
pollution due to low ability of 
the weathered soils to retain 
nutrients. On the other hand, 
some farmers are forced to 
cultivate infertile land. Forest 
land with sandy soils "7 
including those lands located Jt 
on steep slope and with ;z 
insufficient aboveground ~ 
biomass, should not be used 
120 
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20 
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400 
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Days after burning 
400 
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for shifting cultivation 
because of severe loss of 
nutrients and soil organic 
matter which may lead to 
severe land degradation. 
Instead, such forest may be 
Fig. I Changes in the level of NH4-N and N03-N of the soils at a 
depth of 0-5 cm at Niah and Bakam sites . • , control; +, 20 Mg ha"; 
D, 100 Mg ha-' ; ~ , 200 Mg ha-' ; 0, 300 Mg ha-'. 
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retained for conservation and Table 1 Rice yield (Mg ha-'). 
protection function. ------';----=------------------
It is also evident from this _=_F-=u_=_eI:....;(>=-M-=-g=h..:..:..a-~')~__=C:....:o_=n:..::tr:..::o_=_1 _ __=2_=_0 __ _.:1:....:0:....:0~ _ __=2:..:0:....:0~ _ __=3:....:0:..::0_ 
study that there is no B. Ringin 0.13 a 0.86 b 0.80 b 0.90 b Sabal 0.00 a O.l 0 b 
significant difference in rice Niah 0.22 a 0.92 b 
0.29 e 
1.1 be 
0.30 e 
l.2 e 
yield at the Balai Ringin and Bakam 0.05 a 0.14 a 0 Al b 
Niah sites irrespective of the -----------------'---------
Different letters in each line indicate a significant difference at 5 % 
amount of fuel burned (see 
Table 1). level by Duncan 's mUltiple range test. 
The result suggests that under certain environmental conditions such as at the Balai 
Ringin or Niah site, a large amount of fuel is not necessarily required to obtain an average yield 
in a single rice production. This may give some indication on how to modify shifting 
cultivation. Result obtained from this study strongly indicates that it is impossible or even 
difficult for shifting cultivators to cease the current burning practice during site preparation 
because burning is indispensable 
for maintaining rice production. 
One possible modification to 
shifting cultivation practice is to 
shorten the fallow period. In terms 
of rice yield it may be practicable, 
even on clayey soils to reduce the 
fallow period but this should be 
done when the aboveground 
biomass of the secondary 
vegetation reaches to about 100 
Mg ha-I . 
From the study on vegetation 
succession, it is observed that 
burning decreases the percentage 
of germination and affects species 
composition of secondary 
regrowth during the early stage of 
fallow as shown in Fig. 2. 
Buried seeds are severely affected 
with increasing fire severity. 
However, fire can be controlled 
and with proper burning practices 
and with intermediate fire severity, 
it can promote vegetation recovery 
and reduces weed growth III 
upland rice cultivation. 
Rehabilitation of degraded 
shifting cultivation areas is a 
difficult and challenging task. 
Various planting techniques have 
been experimented on in Sarawak 
with varied success . Ultimately, 
it requires a more scientific 
approach including the use of 
appropriate modelling tools. 
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Site selection for shifting cultivation by the Iban of Sarawak, Malaysia with 
special reference to indicator plants 
- A case study in Mujong River-
Sota TANAKA'*, Mohd Effendi Bin WASLf, Akiko KOU2, Logie SEMAN3, 
Joseph Jawa KENDAWANG3, Katsutoshi SAKURAf 
'Graduate School of Kuroshio Science, Kochi University, Japan 
2Faculty of Agriculture, Kochi University, Japan 
3F orest Department Sarawak, Malaysia 
Introduction 
The importance of indigenous knowledge has been recently recelYmg considerable 
attention in the context of environmental management and sustainable development. In 
Sarawak, Malaysia, various ethnic groups have conducted shifting cultivation for rice 
production. Many researchers have reported their profound knowledge on plants useful for 
various purposes such as for food, medicine, timber and fiber with their own classification 
systems of these plants. It has also been found that these groups investigate vegetation 
condition or particular plant species (indicator plants) as important and easily perceptible 
criteria when they select sites suitable for shifting cultivation. However, there was no detailed 
survey carried out so far from the viewpoint of ecology. The objective of this study is to 
clarify the indigenous knowledge of the Iban people, who is the largest ethnic group in 
Sarawak, about the site selection method with special reference to indicator plants in 
secondary forests, and to analyze the relationships between the indicator plants and the 
properties of soils where they grow. 
Materials and Methods 
Field survey was conducted at 5 longhouses of the Iban located on the bank of Mujong 
River, which is a sub-tributary of the Rajang River, the longest river of Sarawak. Twenty five 
sites suitable and 17 sites unsuitable for shifting cultivation were selected based on the 
perception of the land owners with their knowledge of indicator plants. Vegetation survey 
was conducted at a lOx 10 or 20x20 m2 quadrate in the sites. The frequency of occurrence for 
all plants, plant density, and tree's diameter were recorded based on the Iban's nomenclature. 
Within the quadrate, soil survey was also conducted and soil samples were collected from the 
depths of 0-10 and 30-40 cm for determining the physico-chemical properties. By using a 
plant list which was inventoried from the results of vegetation survey, the land owners were 
asked whether each plant indicated fertile or infertile land. Two indices were defined for 
further analysis, as follows: 
Relative frequency of occurrence of the plant observed (%) 
= Num. of unsuitable sites where the plant was observed I 
Total num. of suitable and unsuitable sites where the plant was observed 
Iban's interpretation of plant (%) 
= Num. of the people who answer the plant indicating infertile land I 
Total num. of people who answer the plant indicating fertile or infertile land 
Results and Discussion 
The Iban considered the growth of indicator plants (particularly trees) to be the most 
important criterion for site selection with other criteria such as soil condition and accessibility 
to the site. According to the vegetation survey, although totally 252 kinds of plants were 
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observed including 136 types of trees and 18 type of grasses, only 70 plants were commonly 
observed at more than 5 sites out of 42 sites surveyed. Among them, 8 kinds of plants 
including 1 tree, 2 ferns , 2 shrubs and 3 grasses were perceived to indicate infertile land 
based on the index of the Iban 's interpretation of plant. The plants which were strongly 
perceived to indicate infertile land were Lalang (Imperata cylindrica) , Kemunting 
(Melastoma polyanthum) and Rumput Belanda. When the two indices, the Iban's 
interpretation and the relative frequency of occurrence, were compared, it was found that the 
plants which the Iban perceived indicating infertile land occurred mostly in the unsuitable 
sites while some of the plants indicating fertile land occurred mostly in the unsuitable sites. 
Relative density of the plants indicating infertile land was high in the unsuitable sites at early 
stages of fallow from 1 to 5 years. In contrast, at the later stages of fallow, plants indicating 
fertile land dominated both in suitable and unsuitable sites. However, the growth of trees was 
considerably higher in the suitable sites than in the unsuitable sites in terms of the diameter. 
Thus, at the early stage of fallow, the Iban discriminate land fertility based on the presence of 
the indicator plants indicating infertile land. With increasing ages of fallow, the Iban 
discriminate land fertility based on the tree growth. 
Significant differences were observed in several soil properties between the suitable and 
unsuitable sites. For example, the contents of exchangeable K at both depths and Mg at the 
depth of 30-40 cm were higher in the suitable sites than in the unsuitable fields . In contrast, 
the Al saturation at the depth of 30-40 cm was higher in the unsuitable sites. The content of 
exchangeable NH4 was higher in the suitable sites than in the unsuitable sites while the elN 
ratio was higher in the unsuitable sites, indicating higher N availability in the suitable sites. 
On the other hand, some of the unsuitable sites showed a high value of available P. It might 
be possible that these differences in soil properties are reflected by the composition and 
growth of indicator plants. Further studies should be done in order to clarify the indigenous 
knowledge of the indicator plants in relation to the soil properties. 
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Large-scale forest developments and landuse by the Iban around the 
Lambir Hills National Park 
Masahiro ICHIKAWA 1 
'Research Institute for Humanity and Nature (RIHN) 
In this presentation, landuse by native people is evaluated from viewpoint of 
biodiversity conservation, referring a case of the Iban landuse around the Lambir Hills 
National Park. 
The present landuses observed around the national park are described as follows: 
converting to oil palm plantations after commercial logging in the northern part from the 
national park; oil palm plantations in the south western part from the national park boundary; 
and villages of the Iban distributed along the Bakong river in the south eastern part from the 
national park. 
The Iban migrated into this area about 100 years ago. The present landuse in their 
territory is based on natural secondary forests in various secession stages. In those forests, 
swidden agriculture lands where hill and swamp paddy is produced, rubber groves, fruit trees 
groves, pepper gardens, and longhouses dot. However, the former landuse was different 
from the present one. A research result based on observation of aerial photographs in the 
past years, interview with the Iban villagers, and documents survey shows dynamic changes 
in their landuse. The changes are consequent due to their adaptation toward price changes 
of rubber, pepper and timber in the international market, and also demand changes of rice and 
forest products in the domestic market. 
As a result the change, their landuse is characterized by: possessing similar structure 
(multiple layers and spices) with natural forest, as observed by rubber groves and fruit tree 
groves; and always being returned to natural forest from certain types of the landuses, such as 
hill and swamp paddy fields and pepper gardens. A land plot is not used for long period by 
the same usage of land. The lands after recovering to natural forest become fertile, and 
allow to plant any kinds of products. Such forest-based landuse is the principal of the Iban 
livelihood which is made adaptively to changes of the social and economic environment 
outside their villages. 
The commercial logging in the northern part from the national park started in the former 
part of the 1960s. After 1990s, the remained trees have been cleared and the conversion to 
oil palm plantations has been proceeding. The development of oil palm plantation in the 
south western part from the national park started after the middle of 1960s when the 
Miri-Bintulu road constructed, and the plantations are expanding toward Bintulu and the 
middle and upper reaches of the Baram river. 
The change size and rate of the landuse by the Iban are much smaller and slower respectively 
than those of the large scale forest development, such as commercial logging and oil palm 
plantation. The Iban practice more preferable landuse in terms of biodiversity conservation. 
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Use of GIS and remote sensing for forest management in Sarawak 
Josephine WONG! 
I Forest Department Sarawak 
Computer-assisted Remote Sensing (RS) and Geographical Information System (GIS) 
were first introduced in 1990 to enable more efficient and accurate gathering and processing 
of forest related spatial data to support and improve forest management in the State. The 
Government of Sarawak putting emphasis on using information systems within its long-term 
development plan to support and enhance public services. GIS and Remote Sensing in the 
Forest Department Sarawak has played a vital role, replacing manual mapping with enhanced 
capability for fast updating of information. 
The increased concern for sustainability and the environment requires a greater degree 
of complexity in the planning process with improved forest monitoring capabilities and tools 
to observe changes for both forest operators and the regulatory authorities. GIS and 
remote sensing has the capability to strengthen the planning, management and monitoring of 
harvesting, forest logging road networks, reforestation and rehabilitation programs; and 
planning of protected areas, national parks and buffer zones. The Forest Department 
envisages establishing an overall integrated information management system to consolidate 
information systems and databases for more efficient and effective management. A central 
information pools supported by modem technology helps to communicate up-to-date data and 
information to various end users, where forestry related information could be retrieved easily. 
29 
Measurements and applications of forest physical properties 
using canopy crane 
Mitsunori YOSHIMURA 1*, Megumi YAMASHITA2, Tomoaki leHIE3 
I Research Institute for Humanity and Nature 
2 Survey College of KINKI 
3 Kochi University 
As the most basic knowledge of remote sensing, spectral radiances that are reflected 
from the surface and received by the sensor have many factors. One of the most important 
factors is the reflectance properties of the surface such as spatial, spectral and biophysical 
conditions. Here, we measured three dimensional canopy surface structures under the use of 
the tropical canopy crane system with 80m height and 75m arm length as our measurement 
platform. As its results, canopy DSM was generated from the obtained three-dimensional data. 
The forest floor DEM also was generated by ground survey. 
The leaf component of canopy is quantified by its structural attribute Leaf Area Index. 
LAI (Leaf Area Index) is how many leaves area is projected and accumulated on the unit of 
ground area. This important parameter regulates a number of ecological processes. Plant 
canopy analyzer (LAI-2000, Li-Cor) introduces LAI and other attributes from radiation 
measurements made with a "fish-eye" optical sensor. Measurements made above and below 
canopy are used to determine canopy light interaction at 5 angles, from which LAI is 
calculated based on the radiation transfer model in vegetation canopies. Two canopy 
analyzers were used, one was positioned on the top of canopy access crane in order to collect 
reference overhead sky readings, and the other was used to gather canopy surface or forest 
layer readings. 
Actually LArs were measured at various points in vertical and spatial dimension. By 
combining the results of its measurement, the forest light environment can be considered. 
Actual is the forest light environment is decided by the vegetation colony structure and 
vertical radiation distribution. The vertical colony structure can be calculated by canopy DSM 
and forest floor DEM. The vertical radiation distribution is known as the result of absorbing, 
defusing, transmitting and intercepting radiation and also defined by Lambert-Beer row. It 
can be introduced by LAI measurement. In here, the total amount of leaves was estimated by 
the average leaf area density and total amount of canopy. The average leaf area density is 
provided as one of the functions of plant canopy analyzer. The total canopy volume is also 
estimated by GIS software. However this estimation is not only the result of calculation but 
also provide important information for ecological field. 
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Water and carbon budget of a lowland tropical rainforest 
in Sarawak, Malaysia 
Masakazu SUZUKI 1*, Koichiro KURAJI2, Tomo'omi KUMAGAI3 
J Graduate school of Agricultural and Life Science, The University of Tokyo, Japan 
2 University Forest of Aichi, Graduate school of Agricultural and Life Science, The 
University of Tokyo, Japan 
3 Shiiba Research Forest, Kyushu University, Japan 
Global environmental fluctuations affect the forest ecosystem through disturbances that 
work as triggers for such biological processes like flowering and reproduction. In tum the 
carbon and water cycles as consequences of the forest physiology and dynamics feed their 
effects back to the atmosphere. A research program "Research and observation on the effect 
of rainfall variability on water cycle and ecosystem in tropical forest" is carried out to 
understand the mechanisms of atmosphere-ecosphere interaction in relation to severe drought 
occurred during EI nino condition, succeeded to a research item, "Gaseous exchange in the 
tropical forest canopy", in the previous joint research project between Forest Department 
Sarawak and Japan Science and Technology Agency entitled "Research and Observation on 
the mechanisms of atmosphere-ecosphere interaction in tropical rainforest canopy" which has 
been conducted since 1999, reveals basic features on canopy dynamics and gas exchange in 
and above the canopy and terminated on November 2003. 
This paper presents the results of water and carbon budget of a lowland tropical 
rainforest observed in Lambir Hills National Park (4 ° 12'N, 114° 02 'E) , Sarawak, 
Malaysia. A 4ha experimental plot at an altitude of 200m, gridded into 400 subplots or 
quadrats of 10m X 10m, was used in this project. An 80m tall (at the base pf the gondola) 
canopy crane with a 75m long rotating jib was situated in the center of this plot to access to 
the upper canopy. Observation stages at four levels (23.5,38.5, 59.0 and 75.5m above the 
ground) accessible by elevator were also installed. The 59.0m high stage was devoted to eddy 
covariance flux measurements. The subplots or quadrats were used for in-canopy 
micro-meteorological measurements, throughfall and stemflow measurements. The canopy 
height surrounding the crane is about 40m but the height of the emergent treetops can reach 
up to 50m. 
Results from measurements of evapotranspiration and evaporation of rainfall 
interception by canopy, annual evapotranspiration of this forest is estimated to be 1400mm. 
The annual evapotranspiration, transpiration and interception in 2001-2002 estimated by 
Kumagai et aI. (2005) were 1550mm, 1200mm and 350mm, respectively. However, 
reanalysis on interception loss, Manfroi et aI.(submitted) concluded annual evaporation of 
rainfall interception by canopy were about 200mm based on precise 4ha plot estimation. 
While there were some dry conditions in the observation period that could have affected 
transpiration rate, the measured transpiration (evapotranspiration from dry canopy) 
conformed with equilibrium evaporation and annual transpiration value was on the highest 
boundary of their range for tropical forest. Our results imply that the annual dynamics of the 
latent heat flux for this tropical forest are under more humid conditions than for Amazonian 
tropical forests. 
Results from measurement of CO2 fluxes using eddy covariance method over one and 
half years, annual gross primary production (GPP), ecosystem respiration and net ecosystem 
exchange (NEE) were estimated to be 29-31 tC ha-Ji J, 27-29tC ha-Jy-J and -4.83tC ha-Ji J 
(sink), respectively (Saito et aI., 2005). The value of NEE, however, might have been 
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underestimated, because of incorrect measurements of night-time NEE under stable 
conditions. The NEE corrected was estimated to be 0.75tC ha-'y-'(source) , adopted night-time 
NEE inferred by the interception of light response curve. Estimated annual NEE was not 
comparable with that reported to be -2.2tC ha-'i' to - 1.05tC ha-'y-' for Amazonian tropical 
rainforest (Grace et aI. , 1995). 
Further continuous monitoring research is now required, as the effects of drought on 
water and carbon budget in Lambir Forest still remain uncertain. 
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Seasonal change of general meteorological factors in the North Borneo, 
East Malaysia 
Koichiro KURAn l , Tomoaki ICHIE2 
I University Forest in Aichi, Graduate School of Agricultural and Life Sciences, 
The University of Tokyo, Japan 
2 Faculty of Agriculture, Kochi University, Nankoku, Japan 
Seasonal change of general meteorological factors in the North Borneo (the state of 
Sabah and Sarawak in Malaysia) were examined using data measured by the Malaysian 
Meteorological Service (MMS) in the 10 stations for the past 51 years. Seasonal change of 
temperature, humidity, precipitation, wind speed, wind direction, solar radiation and pan 
evaporation were obvious in this region, especially precipitation. Previous studies tended to 
have a perception that this region has no clear seasonal change of general meteorological 
factors because the amplitude of the seasonal fluctuation in this region is smaller than the 
amplitude of seasonal fluctuation in the temperate region or the amplitude of diurnal 
fluctuation in the tropics. Long-term precipitation data showed that there are no three 
consecutive months that have less than 100 mm monthly rainfall, and this is the reason why 
this region was considered to be a region with no seasonal precipitation change despite of the 
obvious seasonal change shown in this paper. 
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Time-space characteristics of diurnal rainfall over Borneo and 
surrounding oceans as observed by TRMM-PR 
Tetsuzo YASUNARI1, Hiroki ICHlKAWA2 
I Hydrospheric Atmospheric Research Center, Nagoya University, Japan 
2Graduate School of Environmental Studies, Nagoya University, Japan 
Five years of Tropical Rainfall Measuring Mission (TRMM) Precipitation Radar (PR) 
data were used to investigate the time and space characteristics of the diurnal cycle of rainfall 
over and around Borneo, an island in Indonesia. The diurnal cycle of precipitation over the 
whole of the island and surrounding oceans is shown in Fig. 1. It is clearly shown that the 
daily maximum raifall over the island appears in the evening (18-22 LT) to mid night (0-4 
LT), and the daily maximum over the coastal sea area appears early in the morning (6-10 LT). 
The diurnal cycle shows a systematic modulation that is associated with intraseasonal 
variability in the large-scale circulation pattern, with regimes associated with low-level 
easterlies or westerlies over the island. The lower-tropospheric westerly (easterly) 
components correspond to periods of active (inactive) convection over the island that are 
associated with the passage of intraseasonal atmospheric disturbances related to large-scale 
disturbances embedded in the Madden-Julian Oscillation. 
A striking feature is that rainfall activity propagates at about 10m S-l to the leeward side 
of the island between midnight and morning. Propagation occurs over the entire island, 
causing a leeward enhancement of rainfall. However, the spatial characteristics of the 
propagation and of storm development are not symmetric for the easterly and westerly 
regimes. In the easterly regime (EE), rainfall persists over the island until midnight, and 
offshore convection off the west coast develops independent of convection over the land, 
starting before the activity over land ceases. In contrast, the strong westerly regime (SW) is 
characterized by rainfall activity that propagates directly from the island to offshore of the 
east coast of the island. Furthermore, the vertical structure of the convection/rainfall systems 
differs remarkably between the two regimes. In the easterly regime, stratiform rains are 
widespread over the island at midnight, whereas in the westerly regime, local convective 
rainfall dominates. Over offshore regions, convective rainfall initially dominates then 
gradually decreases in both regimes, while the storms develop into deeper convective systems 
in the easterly regime. In addition to leeward rainfall propagation, shallow storms develop 
over the South China Sea region during the westerly regime, resulting in heavy precipitation 
from midnight through morning. Overall time-space propagation feature of diurnal 
convection and rainfall is shown in Fig. 2. These results are summarized in Ichikawa and 
Yasunari (2005), J. Climate, under revision. 
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Fig. 1 Diurnal cycle of rainfall rate by TRMM-PR data and wind vector field 
in the lower troposphere (850 hPa). 
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Fig.2 propagating feature of diurnal cycle of cloud/rainfall systems during the weak easterly 
(EE) and strong westerly (SW) phases. Blue arrows show phase propagation of cloud/rainfall 
systems from eveing to early morning. (Ichikawa and Yasunari, 2005) 
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Assessing the seasonal and inter-annual variability of evapotranspiration 
based on the big-leaf model in a lowland tropical rainforest, Sarawak, 
Malaysia 
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Tropical rainforests are important latent energy source having a strong influence on local 
hydrology. Thus, measurements and modeling of evapotranspiration in a lowland tropical 
rainforest in Southeast Asia are essential for quantitative predictions of the impact of climate 
change on local hydrology. Our previous study reveled the small seasonality of 
evapotranspiration in a lowland tropical rainforest in Lambir Hills National Park based on the 
numerical model for daily evapotranspiration and the hydrologic data set for single year 
(Kumagai et aI., 2005). However, the region around the park has been characterized by the 
occurrence of a large inter-annual variation in rainfall. It can be thought that the 
inter-annual variations in rainfall and the other micro-meteorological elements might impact 
on the evapotranspiration in this park. In addition, evapotranspiration processes, which 
consist mainly of wet-canopy evaporation and dry-canopy transpiration, are quite different 
depending on whether canopy is wet or dry. In this park, rain events with short duration 
occur frequently (Kuraji et aI., 2001), thus, canopy wetness condition drastically changes 
within a day (Kume et aI., 2005). This suggest that evapotranspiration in this park should be 
assessed by the model that can consider wet-canopy evaporation and dry-canopy transpiration 
separately with hourly time-step. 
This study was undertaken to assess the seasonal and inter-annual variability of 
evapotranspiration in a lowland tropical rainforest, in Lambir Hills National Park. To this 
aim, Penman-Monteith type of the big-leaf model for evapotranspiration was formulated 
using the different functions of wet and dry canopy with hourly time-step. This model was 
validated with the canopy transpiration by eddy covariance method, the individual 
tree-transpiration by sap flow measurements, the rainfall interception based on throughfall 
and stemflow measurements, and the general micro-meteorological measurements above the 
canopy, which commenced in January 2000 (Fig. 1). 
In this model, three unknown parameters were determined as follows. Surface 
conductance (Gs), which represents physiological control of transpiration, was formulated 
based on the relationships between estimated Gs by eddy covariance method and the 
micro-meteorological elements such as solar radiation and vapor pressure deficit (Kumagai et 
aI., 2004). Aerodynamic conductance (Ga), which represents environmental control of 
water vapor transport from vegetation, was determined by the wind profile measurements. 
Rainfall storage capacity (Sc) on the canopy was determined by an original method based on 
sap flow measurements. The accuracy of evapotranspiration estimated by the formulated 
model in this study were confirmed by comparing with the total amount of daily canopy 
transpiration by eddy covariance method, the diurnal courses of tree transpiration.(Kume et 
aI., 2005), and the total amount of rainfall interception for three years (Manfroi et aI. , 2005). 
By using the simulated evapotranspiration and the micro-meteorological elements (Fig. 1) for 
5 years in this park, the sources of seasonal and inter-annual variability of evapotranspiration 
were examined. 
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Fig. I Gap-filled time series daily micro-meteorological elements of a) rainfall, b) solar radiation and 
net radiation, c) air temperature and vapor pressure deficit (VPD), d) wind speed measured for 5 years 
in Lanbir Hills National Park. 
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Interception evaporation (IE) is the amount of rainfall intercepted by vegetation and 
evaporated back to the atmosphere during and after rainfall ceases. Long-term quantification of 
this loss of precipitation (P) is an important step in water balance and forest conversion affects 
on water yield studies because IE can be as high as 40% of P. Although long-term IE is 
relatively simple to estimate in homogeneous forests, the heterogeneous canopy of lowland 
tropical rainforests creates large spatial variability of both the precipitation inside these forests 
or throughfall (TF) and water running down the tree's stems or stemflow (SF). Poor assessment 
of such spatial variations may result in unrealistic estimated long-term IE amounts. The 
objectives of the present IE study carried out in the the lowland tropical rainforest at the crane 
biology 4-ha plot, hereafter 4-ha plot, in Lambir Hills National Park, Sarawak, Malaysia 
(4°12'N, 114°02'E) were: 1) to estimate the long-term forest scale IE with the conventional 
canopy water budget method or comparison of P inside (TF+SF) and outside the forest (P); 2) 
to compare this estimate with indirect calculations of IE using micrometeorological method; 
and 3) to determine the contribution of IE to total evaporation by the forest in the 4-ha plot. 
The measurements of P, SF and TF, and by difference IE (P-SF-TF), in the 4-ha plot 
lasted for 3-years: 01 July 2001-17 July 2004. The 4-ha plot, in the middle of which a large 
jib 85.8 m height crane was built, had been gridded into 400 subplots of 100 m2 each. In one of 
these subplots, called Fixed Plot (FP), TF accumulated in 20 raingauges and SF yield by 78 
trees, using collar type SF gauges, were recorded daily during the 3-years study. Concurrently, 
during these same 3-years, in others 22 subplots of the 4-ha plot TF was measured by 
relocating others 20 raingauges after about a month of observation in a same subplot. Thus, 
every day TF water accumulated in 40 raingauges (20 in the FP and others 20 in another given 
subplot of the 4-ha plot) and the SF yield by 78 tress were recorded inside the forest. Outside 
the forest P caught by 4 raingauges of same type as those used in the TF observation were also 
recorded daily. In Lambir, rainfall observation with tipping-bucket raingauges and 
micrometeorological variables needed in evaporation estimation have been conducted since 
1999 at the 10-min or higher time resolution. 
Analyses of P, TF and SF data collected in the 3-years and methods used to estimate the 
long-term IE at the 4-ha plot scale are detailed elsewhere (Manfroi et al. 2004a; Manfroi et al. 
2004b). Table 1 summarizes the resulting long-term P, TF, SF and IE from these analyses at 
both the FP and 4-ha plot scales. As shown, at the 4-ha plot about 210 mmlyear or 8.5% of P, 
with few inter-annual variation, were estimated to have been lost as IE, but a somewhat higher, 
in average 295 mm/year or 12%, with noticeable inter-annual variation were actually observed 
in the FP. 
Table 1 Annual and 3-~ears TF, SF and IE, as % ofP, observed in the FP and 4-ha Elot. 
P,mm FP 4-ha ~Iot TF% SF% IE %~mm~ TF% SF% IE %~mm~ 
Year 1 2292.0 82.0 3.5 14.9(340.5) 87.5 3.8 8.7(199.4 ) 
Year 2 2439.0 87.1 2.8 9.7(236.6) 88.0 3.4 8.6(209.8) 
Year 3 2668.0 85.5 3.0 11.5p06.9~ 88.3 3.4 8 . 3~221.4~ 
Averase 2466.3 85.0 3.1 12 . 1~295 . 0~ 87.9 3.5 8.5~21 0 .2~ 
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Using TF and SF measurements in the 4-ha plot, 10-min precipitation observed with 
tipping-bucket in the top of the crane and micrometeorological calculated potential evaporation 
with Penman-Monteith method, commonly used models to calculate IE were parameterized 
and tested. Fig. l shows results of monthly accumulated IE predicted with the simplest of the 
tested models, often used in meteorology, and that observed in the 4-ha plot. The calculated 
average 205 mm/year or 8.3 % with this simple model is similar with the long-term amount 
suggested by observation in the 4-ha plot (Table 1), or 210 rnmIyear. The long-term estimation 
of IE by the models tested was almost solely sensitive to the water storage on the canopy and 
on trunks parameter suggested, both from observation of TF and SF in the 4-ha plot and 
automatic tuning of the models, to be about 0.75 mm. 
Fig. 2. shows a comparison of micrometeorological estimates of total evaporation in the 
present study site (L), a study in Pasoh forest Peninsular Malaysia (P) and in Reserva Ducke, 
Brazilian Amazon (A) with catchment's water balance results in several lowland tropical 
rainforest sites of the world. As shown, interception evaporation gives a much smaller 
contribution than transpiration to total evaporation; in Lambir, for example, transpiration was 
estimated at 1193 mm/year (Kumagai et aI. 2005). Our 4-ha plot observational and 
micrometeorological long-term IE estimates are similar with observational results for the 
Amazonian study, where IE of 8.9% of P was reported and that estimated by 
micrometeorological means at that site or 12%. The slight higher IE estimated in Pasoh forest 
of 242 mm/year is sensible because leaf area index can be as high as 11 m2/m2 in Pasoh, 
against a maximum of 8 m2/m2 in Lambir. 
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Fig. 1 Comparison of observed monthly IE in the 
4-ha plot with monthly totals predicted by 
micrometeorological means. 
Fig. 2 Comparison of total evaporation estimated by 
micrometeorological methods (bars) and with the 
catchment's water balance method in Lowland 
tropical rainforests (modified after Tani et ai. 2003). 
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Runoff characteristics and water balance at Lambir hills catchment 
Katsushige SHlRAKI' *, Taeko WAKAHARA' 
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Introduction 
Rainfall-runoff analysis is essential to estimate utilizable water resource, soil water 
storage, sediment discharge and so on. In particular, one of the major triggers of general 
flowering at the Lambir hills national park is said to be drought or shortage of soil water. 
Therefore clarification of rainfall-runoff process is of great importance to understand 
ecological environment. In this report, we show the stream discharge of continuous two 
month and tentative water budget analysis during this period. 
Study site 
Stream flow is observed in the Lambir hills national park (fig. 1, CL point). The basin 
area of CL watershed is 26.5 ha. This watershed includes the ecological and 
micrometeorological observation crane. Rainfall is observed at the counter jib of the crane to 
eliminate the influence of canopy interception of rainfall. The distribution of topsoil depth 
(fig. 2) is observed with the knocking cone penetrate meter (Tsukuba Maruto Co.) and the 
average topsoil depth is 2.27 m in this watershed. 
Method of measuring stream flow 
Stream flow has been observed by recording the water height at CL point where bedrock 
is exposed, stream flow velocity become zero temporally at natural pool and rapid flow is 
generated at the outlet of the pool. The estimated relationship between water height (H [m D 
and discharge (Q [m3/sD was calculated as the same method as free fall from weir. Discharge 
at water height ho is calculated as: 
Q{ho) = r C · f{h). v{h}dh where C : contracted coefficient (=0.6), f(ho} : width of 
cross section at h=ho and v : flow velocity v{h) = ~2g(ho - h) (see fig. 3). The observed 
stream flow was checked by observing the distribution of flow velocity with propeller type 
current meter (every 10 or 20 cm horizontally and every 2 cm vertically) at high water height 
or collecting whole water at low water height. Fig. 4 shows the good relationship between the 
estimated HQ curve and observed data. The maximum water height during analysis period 
was 0.21 m, we therefore could translate the recording water height to discharge quantity 
with good accuracy. 
Results 
Fig.5 shows the hydrograph of CL watershed. The total rainfall and total discharge from 
13th June 2005 to 13th August 2005 are 264.0 mm and 28.5 mm respectively. The tentative 
water loss calculated by subtracting discharge from rainfall is 235.5 mm (3.80 mm/day). This 
value shows good agreement with evapo-transpiration loss analyzed by micrometeorological 
method by Kumagai et al. 2005. This result implies that other water losses such as infiltration 
into deeper layer are very little. Fig. 6 shows the two days hydrograph. Initial discharge peak 
was observed while raining and secondary discharge peak was also observed about six hours 
after the cease of rainfall. The source of initial discharge peak is thought to be rainfall on the 
stream or near stream because it has no time lag with rainfall, and that of secondary discharge 
peak is rainfall on the slope and infiltrated soil water. It is revealed that this watershed has 
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two different discharge peaks that have quite different pathway and water source. 
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Fig. l Topographical map of CL watershed, 
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Kumagai et ai., 2005. Annual water balance and seasonality of evapotranspiration in a 
Bomean tropical rainforest. Agric. For. Meteorol., 128: 81-92 
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Species diversity and functional diversity of termites 
in regard to the vertical and horizontal distributions 
in Lambir Hills National Park 
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Termites playa crucial role in forest ecosystems as a decomposition agent. To quantify the 
role of termites for forest decomposition system, it is important to measure the ability of 
decomposition and transportation of materials by each termite species. Termites are usually 
thought to exist on the forest floor (such as in the soil, dead fallen wood and so on), but there 
are considerable amount of termites on the canopy and they transport a great quantity of wood 
materials between forest floor and canopy. The material transportations are performed in the 
two different ways; termite galleries and open-air foraging. 
The purpose of this study is to examine the species diversity of termites in each habitat 
(forest floor and canopy) and their contribution to the material transportation. In this 
presentation, we especially focus on the termite fauna on the forest floor habitat, the so called 
"horizontal distribution" and the distribution oftermite galleries on trees, the so called "vertical 
distribution" . 
The research was conducted at 1 ha (lOOm x 100m) quadrate set in the 4ha crane site of 
Lambir Hills National Park, Sarawak, Malaysia. For the study of horizontal distribution, the 
standardized sampling protocol described by Jones & Eggleton (2000) was used to assess the 
species diversity and abundance of termites on the forest floor. Thirty-four species were 
recorded from the sampling. For the study of vertical distribution, all trees in the 1 ha quadrate 
were examined and the presence of termite galleries, their height and the species were recorded. 
Totally 515 trees were examined. 159 (30.8%) of them had termite galleries and 38 (7.4%) 
extended to the canopy. Many galleries were constructed by the Microcerotermes and 
Nasutitermes species, which were wood-feeding termites. These results suggest that certain 
termite species have considerable range of horizontal and vertical distribution, and the range 
depends on their feeding habits. 
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The temporal change in floral scents affects pollinator's behavior 
in Homalomena propinqua (Araceae) 
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Homalomena propinqua (Araceae) is a common understory herb in lowland dipterocarp 
forests in Borneo, and emits very characteristic odor in the morning. The inflorescence is 
monoecious and protogynious one, and changes the sexual function from female to male 
during anthesis. Pollinators of the H. propinqua are two species of beetles, Parastasia 
bimaculata Guerin (Scarabaidae) and Dercetina sp. (Chrisomelidae). 
In our preliminary study, we showed that both beetle pollinators visited inflorescences 
mainly at am 7:00-9:30, and pollinators' arrival was consistent with the thermogenesis of 
spadices. Moreover, P bimaculata visited the female phase inflorescences more than the 
other phase ones, on the other hand Dercetina sp. visited each inflorescence regardless of the 
sexual stage. In this study, we suppose that the behavior of beetle pollinators may be affected 
by the amount of attractant compounds in the floral scents that guide distant pollinators to 
inflorescences. To examine the relationship among floral scents and beetle pollinators' 
behavior, we carried out the chemical analysis of floral scents with GC and GC-MS, and 
attractant tests in the field with synthetic compounds of major components in the floral 
scents. 
As the results of the chemical analysis, 18 volatile compounds were detected in floral 
scents of Hpropinqua, and 14 compounds were identified. Major compounds are 2-Butanol, 
2-Heptanol and Veratrole (l,2-Dimethoxybenzene), and we used these compounds for 
attractant tests to pollinators. Behavioral tests showed that P bimaculata was attracted mostly 
by the mixture of 2-Butanol + 2-Heptanol + Veratrole, while Dercetina sp. was attracted by 
Veratrole. The amount of both attractant compounds in the floral scents were increased at 
7:00-9:30, and consistency with the thermogenesis and pollinators' arrivals. This result 
supports that the thermogenesis promotes the vaporization of attractant compounds in floral 
scents. Meanwhile, the amount of 2-Butanol + 2-Heptanol + Veratrole in floral scents was 
significantly abound in the female phase inflorescences, the amount of Veratrole didn't 
change through every sexual phases. These results suggest that Pbimaculata choose the 
female phase inflorescences because of emitting the largest amount of attractant compounds, 
while Dercetina sp. is not affect the amounts of the compounds. In future, we'll examine the 
relationship between the pollination efficiency of both pollinators and the pollinator's 
behavior to the attractant compounds. 
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Abortion of reproductive organs to adjust reproductive costs to the daily 
fluctuating production of a tropical pioneer, 
M elastoma malabathricum (Melastomataceae) 
Tamaki KAMOr l , TANAKA Kenzo2, Koichiro KURAJr3, Kuniyasu MOMOSE 1 
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We demonstrated that the abortion of reproductive organs of a tropical pioneer, 
Melastoma malabathricum, is an adaptation to environmental fluctuations at shorter time 
scales than have previously been reported in other plants. We measured the fluctuations of the 
demand and supply of resources in natural conditions, and clarified how plants adapt to those 
fluctuations through increasing and aborting their reproductive organs. Respiration and 
transpiration of the reproductive organs were measured at various stages. The growth and 
abortion ratios of reproductive organs on trees were monitored. Based on these data, the daily 
demand for carbohydrates and water by reproductive organs at the level of individual plants 
was calculated. Using leaf photosynthesis and solar radiation data, the daily photosynthetic 
production was estimated. The daily carbohydrate demands of the reproductive organs were 
significantly correlated with total photosynthetic production per leaf area during the previous 
one, three and five days, but no correlations were found between the demands for water and 
rainfall or accumulated radiation. The daily abortion ratios of the population were also 
correlated with the following quantity: (demand for carbohydrates on the previous day) / 
(total photosynthetic production per leaf area). 
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Avifauna of primary and secondary vegetation around Lambir Hills 
National Park, and indigenous knowledge about birds by the Iban villagers 
Yumi AIHARAI*, Oswald Braken Tisen2, Kuniyasu MOMOSE 1 
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Effects of fragmentations of bird habitats have been widely researched, but little is 
known in Borneo. The Ibans of Borneo are famous in their cultural interactions with birds. 
For example, they have a highly developed augury system based mainly on the seven specific 
bird species. 
We researched avifauna in secondary vegetation; used by Iban villagers. At first, 
avifauna was compared between primary vegetation in Lambir hills National Park and 
secondary vegetation. Secondly, differences in avifauna among the secondary vegetation 
types were studied. Thirdly, relationships between Iban's indigenous knowledge about birds 
and their actual habitats were considered. 
The secondary vegetation is used by Iban villagers for five different aims; sifting 
cultivations, rubber plantations, fallows (long term and short term) and isolated primary 
forests. We set up plots (100 X 10m) in each types of secondary vegetation, and listed up bird 
species and recorded their population in the morning. 
The numbers of bird species in secondary vegetation were less than primary vegetation, 
especially large sized species like hornbills. However, avifauna of isolated forests was similar 
to primary forests. The distance between secondary vegetation and Lambir hills National Park 
is approximately eight kilometer, so we consider that birds can move around. 
Avifaunas were greatly different among five types of secondary vegetation. The rubber 
plantation showed the richest numbers of bird species. Avifauna related with the distance to 
rivers, and the dominance of bird 's favorite fruit trees. Six species were Iban's birds augury 
were recorded common in the secondary vegetation. Seven species has respectively 
remarkable characters; the beautiful voice, the strange looking, or the peculiar habitat. 
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Giant honeybee, Apis dorsata, is the principle migratory pollinator in tropical Asia and 
their honey and wax have been utilized by people for hundreds of years. In Mixed 
Dipterocarp Forest (MDF), the dominant vegetation of humid tropical region of Southeast 
Asia (Sumatra, Malay Peninsular and Borneo), most plant species synchronously flower once 
in several years, known as general flowering. A. dorsata is an effective pollinator for various 
plant species in MDF, but migrates into MDF only during the general flowering period. This 
pattern implies that the population may be supported in some habitats, other than MDF, 
where floral resource is more stable and enable the immediate migration to MDF following 
general flowering. However, it has not been known where its colonies are sustained during 
non-general flowering period. 
The Baram River Basin is the second largest watershed (22,930km2) in Sarawak, 
including major vegetation types in Borneo, Freshwater swamp forest (FSF), Peat swamp 
forest (PSF), lowland and hill MDF and Montane forest (MF). According to local informants 
in 62 villages through the river basin, nesting activity of A. dorsata is known in FSF, MDF 
and MF. Nesting activities on nest site trees in three areas in FSF, five areas in MDF and two 
areas in MF (Fig. 1), were monitored for two years including one general flowering period in 
MDF. Frequency of nesting event and total duration of nesting activity in a year were higher 
in FSF than in MDF and MF (Fig. 2) . The number of colonies on a nest site tree in FSF was 
higher than that in MDF, and large colony aggregations sometimes with more than 100 
colonies were observed every year in FSF. Drones were frequently observed in colonies of 
large nesting aggregation in FSF, suggesting frequent regeneration there. These patterns 
suggest that adequate proportion of the population in the region may inhabit and regenerates 
in FSF during non-general flowering period and immigrate into MDF and MF during 
intensive (general) flowering period. 
Some parts of MDF and major nest site tree species in MDF, Koompassia excelsa 
("Tapang") are well protected by Sarawak Government. On the contrary, FSF and the major 
nest site tree species there, Artocarpus teysmannii ("Pudu") and Alstonia angustiloba 
("Pelai") are not well regarded. FSF contains lower diversity of plant species than that of 
MDF but crucial habitat to support the regional population of A. dorsata and regeneration of 
plant species pollinated by them. We hope more attention will be paid to maintain the FSF 
and those nest site tree species. 
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Fig. 1. Major vegetation types in the Baram River 
Basin and the location of the studied areas. 
A: Lower Baram, B: Lower Tinjar and C: Bakong 
(Freshwater swamp forests), 
D: Lambir, E: Marudi and F: Lower Tutoh 
(Lowland mixed dipterocarp forests), 
Lg Peluan and Pa ' Lungan (Montane forests) . 
Two census routes in Ulu Baram and Ulu Tutoh 
were used for monitoring the nesting activity on 
Koompasia excelsa in hill mixed dipterocarp 
forests. 
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Fig.2 Temporal fluctuation in total 
number of colonies on the observed 
nest site trees in each area of FSF, 
Lowland MDF and MF and monitored 
Koompasia trees which have been 
nested at least once in Hill MDF. 
Juvenile structure and co-existence mechanism of dipterocarps 
in Lambir Hills National Park 
Masahiro AlBA I *, Tohru NAKASHIZUKA 2 
I Center for Ecological Research, Kyoto University, Japan 
2 Research Institute for Humanity and Nature, Japan 
To examine the contribution of inevitable structural trade-offs to differentiation of 
regeneration niche and the resultant co-existence of shade tolerant tropical tree species, 
structure, physiology and demography of dipterocarp juveniles were analyzed in Lambir Hills 
National Park, Sarawak, Malaysia. Specific questions we stated were (i) which suite of 
structural traits co-varies with the indices of shade tolerance? (ii) can structural traits explain 
difference in survival among co-occurring dipterocarps? 
Structural traits were analyzed for juveniles of 18 co-occurring shade tolerant trees of 
genus Shorea (Dipterocarpaceae) and the interrelationship between the sapling structure and 
the regeneration strategy was discussed. The structural variation in saplings of the genus 
Shorea was as large as that found in sets of species with much more diverse origins. Results 
of principal component analysis showed that both crown architecture and allocation to leaves 
are major sources of variation in the structures of the 18 investigated species. Of these two 
axes, allocation to leaves was significantly correlated with wood density and showed a 
limited correlation with photosynthetic rate, whereas crown architecture was independent of 
these traits. 
The environmental dependency of juvenile survival was compared among 11 
co-occurring dipterocarp species to relate the demographic character to the structure. Survival 
of each species was modeled by logistic regression evaluated stepwise by Akaike's 
information criteria and the determinant structural trait was sought. The interspecific 
difference in survival rate seemed to be determined largely by a dependence on the light 
environment of smaller juveniles. Survival under low light correlated positively with root dry 
mass and negatively with total leaf area of juveniles. 
These results suggest that these non-pioneer dipterocarp species might separate light 
gradient without gap to stably co-exist and allocation based trade-off partly account for this 
light gradient partitioning. 
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Gene dispersal by seed and pollen plays an important role in tree demography, especially 
at young stages, by influencing inbreeding depression and genetic structure. In spite of the 
several advantages of seed/pollen dispersal, there are large variations in seed/pollen dispersal 
distance even among related species is essential. 
The Dipterocarpaceae, a dominant family of trees in the tropics of Southeast Asia, 
have developed a wind-dispersal system that varies greatly among genera and species. For 
instance, both Dipterocarpus and Shorea species with and without winged seeds co-occur in 
the same forest. 
This study was conducted in a tropical rain forest at Lambir Hills National Park, 
Sarawak, Malaysia. We chose four dipterocarp species, Shorea beccariana, S. laxa, 
Dipterocarpus globosus and D. tempehes to contrast the differences in abilities in pollen and 
seed dispersal. The seeds of D. globosus and S. beccariana have wings permitting 
wind-dispersal, while the other two are wingless, suggesting limited seed dispersal distance. 
As for pollen dispersal, both D. globosus and D. tempehes are pollinated by giant honeybees 
(Apis dorsata), which fly long distances, whereas two Shorea are pollinated by small beetles 
which are expected to disperse pollen over shorter distances. 
The genetic structure of adult trees in a roughly 60 ha plot and saplings in 0.8-4 ha plot 
in the center of the 60 ha plot was examined using microsatellite makers. In adult trees, the 
genetic structure by Number of Alleles in Common showed positive genetic structure in all 
species, but the pattern was different among four species. The spatial scale of genetic patch 
was small in D. globosus and S. beccariana, but relatively large in other species. These 
differences among species were maybe reflected by their and pollen dispersal abilities. 
The levels of inbreeding and gene dispersal distance of the four dipterocarp species were 
estimated by genetic data of saplings. We discuss the relationship between seed/pollen 
dispersal distance and inbreeding and genetic structure on four dipterocarp species. 
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Lambir Hills National Park that is characterized by extremely high diversity of plants 
may be pools of the remarkable concentration of wild animals. This study aims to integrate 
the information on mammals except for bats in and around the park to reveal mammal fauna 
as well as the human impacts of forest uses on mammals. 
Records of mammal trapping both on ground and branch (wire-mesh live cage trap and censor 
camera trap) and observation were piled from 1997 to 2005 in and around the park. Shanahan 
& Debski (2002) was used to compare the historical changes in species composition. The 
nomenclature follows that of Payne et al. (1985). 
Mammal of 67 species including eight orders and 19 families were found to date in and 
around Lambir Hills National Park. This included 12 species of newly recorded mammals and 
20 ones recorded in previous studies but not in this study. Mammals whose observation points 
were limited above the ground were 15 species. Mammals that were observed only inside of 
the park were 30 species and those that were observed only outside of the park were eight 
species. Our results showed that the difficulty of identifying small mammals without trapping 
census, the importance of mammal census at canopy or sub-canopy layer, the existence of 
mammals that preferred the habitat of a primary or secondary forest, and the tendency to 
decline the population of large or carnivore mammals. 
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Fungi play an important role in the maintenance and reproductive processes in forest 
ecosystems as ectomycorrhizal, parasitic and saprotrophic fungi and their fruitbodies are used 
as a key indicator of the fungal community structure. Macrofungi, whose fruiting bodies are 
visible with naked eyes, contains various taxa, such as Agaricales, Aphyllophorales, and 
Phallales, with its own functional role. 
In Southeast Asia, enormously diverse species richness in plants is observed, and it is 
expected that diverse fungi live in a forest and contribute to the maintenance of plant species 
richness. Because there are many unknown fungal species in this region, an inventorial study 
is needed. In this study, we surveyed fungal flora in Lambir Hills National Park during 3 days 
as a first step to reveal fungal community structure in a lowland rain forest. 
We set a trail with about 200m long in the park. Then, we picked fruiting bodies of 
macrofungi appearing within 2.5m on both sides of the trail and brought them to laboratory. 
We made two trials in 2005: one in July 30 and August 1, and the other in August 3. We 
recognized conspecific fruiting bodies appeared within 50 cm each other as a patch. 
A total of 112 fruiting bodies appeared during the study period and it included 75 
patches of Agaricales and 23 patches of Aphyllophorales. In Agaricales, Boletaceae was one 
of the dominant families in the number of patches (20 patches). 
We will discuss the pattern of fungal taxonomic richness in Lambir Hills National Park 
at the species level. 
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A general flowering occurred irregularly at intervals of 5 year on average in lowland 
mixed dipterocarp forests. During the general flowering, many canopy tree species produce a 
large number of flowers and a large amount of nectar and pollen, and various kinds of 
arthropods utilize these resources drastically increased. These suprannual and drastic 
resource-changes may affect the life cycles of arthropods visiting flowers and fruits . 
In Lambir Hills National Park, a giant honey bee, Aphis dorsata collected pollen and 
nector during the general flowering in 1996. A number of individuals of light-attracted A. 
dorsata increased during the general flowering. In the non-flowering period, A. dorsata were 
rarely observed there. We also observed that some Chrysomelid beetles visited Shorea, a 
dominant group of Dipterocarpaceae there. Moreover, the former pollination experiments 
showed some beetles (Chrysomelidae and Curculionidae) contributed to pollination of one of 
the species of Shorea, Shorea parvifolia. 
Did the flower-visiting Chrysomelid beetles increase during the general flowering? If 
they depend on food resources during the general flowering period, what population 
fluctuation patterns did they have? We have analyzed the data collected from 1992 to 1999 
using light traps in Lambir Hills National Park to reveal their population fluctuation patterns. 
We will discuss their food resources during the non-flowering period. 
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In this study, our objective was to determine tree height effect on leaf photosynthesis, 
morphological and biochemical properties, in tropical canopy tree species from seedlings 
under dark forest floor to mature canopy trees at bright canopy layer. 
Our study was carried out in an intact lowland mixed dipterocarp forest in Lambir Hills 
National Park, Sarawak, Malaysia (4°20'N, 113°50'E, 150- 250 m a.s.l.) , in September 2001. 
Variations with height of leaf properties were investigated in 65 individuals of five 
dipterocarp tree species from seedling to emergent tree in the forest. The species were 
Dipterocarpus globosus, Dryobalanops aromatica, Shorea acuta, S. beccariana and S. 
macroptera. 
The canopy openness increased significantly with tree height. Photosynthetic properties, 
such as photosynthetic capacity at light saturation (Amax ), the light compensation point (Ie), 
the maximum rate of carboxylation (Vcmax) and maximum rate of photosynthetic electron 
transport (Jmax) , all increased significantly with tree height. Leaf morphological and 
biochemical traits, such as leaf mass per area (LMA), palisade layer thickness, nitrogen 
content per unit area (Narea), chlorophyll content per unit dry mass (Chlmass) and chlorophyll 
to nitrogen ratio (ChllN ratio), also changed significantly with tree height. Overall, all leaf 
properties could be summarized in a simple and significant relation with tree height, with a 
little intra- and inter-species difference. Our results therefore suggest that the photosynthetic 
capacity of dipterocarp trees depend on tree height; they relate to their light condition by 
adjusting their leaf morphological and biochemical properties. These results may be used to 
set up accurate estimation models for the CO2 flux and biomass production in a tropical rain 
forest. 
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Plant phenolic compounds have been focused as anti-herbivore defensive compounds. 
Phenolic production is influenced by abiotic and biotic factors (Bryant et al. 1983, Coley et al. 
1985). The resource availability hypothesis (Coley et al. 1985) explains the type and 
amount of plant defense by interspecific variation in the trade-off between growth and 
defense in the light of resource availability and herbivory pressure. Coley et al. (1985) 
proposed that low resource availability favors plants with inherently slow growth rates, which 
in tum favors relatively large investment into quantitative anti-herbivore defense such as 
phenolic compounds. Thus, the resource availability hypothesis predicts that plant 
communities with high phenolic concentrations are found in infertile conditions. In this 
study, we elucidate whether or not this prediction is supported in Bornean tropical rain 
forests. 
To know the interaction between soil nutrients and foliar phenolic concentrations of tree 
communities, we analyzed three tree communities differing in soil nutrients in Sarawak, 
Malaysia. Fifty trees were randomly selected from each plant community, and sun and 
mature leaves of them were sampled for phenolic compounds (total phenolics, condensed 
tannins, and lignins) analyses. Soil cores were also sampled for nutrients (mineral Nand 
soluble P) analyses. 
One-way analysis of variance (ANOVA) showed the significant differences in soil 
nutrient concentrations among three tree communities. Foliar total phenolic and ligin 
concentrations of tree communities were also different significantly among the tree 
communities by one-way ANOVA. However, three communities did not differ significantly 
in foliar concentrations of condensed tannins. We found the positive relationships between 
soil nutrients and total phenolics at a community level. On the other hand, there were 
negative relationships between soil nutrients and foliar lignins at a community level. Thus, 
the predictions of the resource availability hypothesis is supported for foliar total phenolics, 
but is not supported for foliar condensed tannins and lignins at a tree community level in 
tropical rain forests in Borne. 
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Termites (lsoptera: Insecta) are important insects as decomposers on forest ecosystem. To 
quantify the role of termites for forest decomposition system, it is very important to measure 
the ability of decomposition and transportation of materials by each termite species. 
In this study, we focused on the ability of transportation of materials, especially at short 
period by the processional termites foraging in the open-air, like ants, in column. 
There are three genera of the processional termites in Southeast Asia; Hospitalitermes, 
Laccessititermes and Longipeditermes. They are characterized by the dark body color and long 
legs. They contribute to transport the materials among forest, because they forage to the wide 
area of forest and bring the wood materials (including wood, leaf litter, lichens etc) to their nest. 
There are four species of processional termites in Lambir Hills National Park, Sarawak, 
Malaysia; three species of Hospitalitermes, H. hospitalis, H. bicolor, H. umbrinus and 
Longipeditermes longipes. Miura et al. (l998a, 1998b) reported the foraging activities of 
Hospitalitermes and Longipeditermes from Lambir Hills. In these studies, column organization 
and chemical composition of diet were analyzed. In the present study, we need to investigate 
the interaction among these four processional termites species. 
We measured the foraging trail length, height, and also recorded the materials that 
processional termites walked, such as wood trunk, ground and leaves of each species. 
From these results, we suggest that processional termites show the different range of 
foraging area among species. The foraging area of genus Hospitalitermes ranged from forest 
floor to canopy, walking on soil, tree trunk, branch and leaf litter. On the other hand, 
Longipeditermes longipes foraged only on the forest floor. 
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Introduction 
The decomposition rate of soil organic matter with litterfall origin in forest ecosystems 
is highly correlative with soil temperature, soil water (Swift 1979, Jordan 1985), quality and 
size of decomposed organic matter (Yoneda 1980), and other factors. Because soil 
temperature and soil water can vary in local scales together with soil texture, topography, 
stand flora and structure, the decomposition is also expected to vary in local scale. But spatial 
variation of decomposition has scarcely been investigated in rainforests. In this study, we 
have attempted to quantify the local variation of decomposition rate in a rainforest at Lambir 
Hills National Park, Sarawak. We have also tried to solve some ecological questions about 
the mosaic pattern of local decomposition rates and its correlation to the local environmental 
factors such as topography, soil texture, and so forth, by analysing the observed 
decomposition rate. 
Methods 
A 52-ha plot (500 m x 1040 m) was established in the Lambir Hills National Park 
(4°12'N, 114°00'E; ~ 60 - 450 m a.s.l.) in Sarawak, East Malaysia. Sample wood sticks were 
made of Dryobalanops aromatica Gaertn. f. The size of each stick was 1.0 cm x 1.0 cm x 
15.0 cm. All the sticks were measured for air-dry weight and were labeled with aluminum 
tags to identify each sample stick. The five sticks were tied in a loop using copper wire and 
were laid on the forest floor at every 20 m interval i.e. in the center of each of the 1300 
squares within the 52-ha plot. One of the five sticks was successively collected at 6, 18, 24 
and 34 months interval after the start of the experiment in March 2001. Collected samples 
were all washed, dried, and measured for their dry weight. The ratio of the dry weight of the 
collected stick to the initial weight gave the relative decomposition rate. 
Analysis and results 
Data analyses of the decomposition rate were carried out based on the method developed 
by Yoneda (1975), who reported a decrease of wood stick weight with respect to time by 
applying the logistic equation with a negative coefficient for an exponential term of the 
equation. The frequency distribution of the wood decomposition coefficients was a reverse 
J-shape. The average and the standard deviation of the wood decomposition coefficients were 
0.668 gig/year and 0.259 gig/year, respectively. The average, maximum and minimum of the 
half time (10.5) of decomposition, which were calculated from the wood decomposition 
coefficients, were 3.02 years, 8.71 years and 0.712 years, respectively. The range of to.5 was 
about 8 years within the 52-ha plot. 
The spatial structure of the wood decomposition coefficient was analysed by a 
geostatistical method, the semivariogram. The practical range was 80.0 m, which indicated 
that the distribution was spatially auto-correlated within this spatial scale. The relative nugget 
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was 74.6 %, and this value would suggest that a large contribution of small-scale structure 
affected the spatial pattern of the wood decomposition coefficients. 
The relationships between the environmental factors and the wood decomposition 
coefficients were analysed by applying Hayashi's quantification method in 100 m x 100 m 
scale because the spatial auto correlation of the wood decomposition coefficients vanished 
altogether in this scale. The number of 100 m x 100 m quadrats that we could demarcate 
inside the 52-ha plot was 1008. There are 25 experimental points within a 100 m x 100 m 
quadrat, so we calculated the averages of common logarithmic transformed wood 
decomposition coefficients which were obtained in each experimental point and used them as 
the' outside criterions'. Six environmental factors (altitude, slope inclination, slope convexity 
(IC), soil texture, termite attack, leaf area index (LAI)) were used as 'items'. Arithmetic 
averages were calculated the same as the wood decomposition coefficients for altitude, slope 
inclination, IC, soil texture, and LA!. We evaluated the termite foraging effect from the 
proportion of the number of experimental points, at which the wood stick might be foraged 
by termites, to 25 experimental points within a 100 m x 100 m quadrat. The results of the 
model selection by the Akaike Information Criterions (AIC) presented that the most 
appropriate model was composed of all 'items' we used. The wood decomposition 
coefficients were relatively well reconstructed by this model (r2 of the model = 0.55, the 
number of samples = 1008). The range of the categorical scores for each 'items', which 
indicated that the order of the strength of their influences on the wood decomposition 
coefficients, was termite > soil texture > altitude > IC > Inclination > LA!. 
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Water origins in the northern part of Borneo Island were estimated from 2001 to 2002 
using colored moisture analysis (Yoshimura et aI., 2004). Colored moisture analysis is the 
two-dimensional atmospheric global circulation model that maintains atmospheric water 
balance (Oki et aI., 1995) with a tagged-water transport scheme. The meteorological forcing 
was provided through NCEPINCAR reanalysis. Ichiyanagi et ai. (2005) considered the 
transition of the water origins over Indochina and proposed a new definition of the 
withdrawal date of the Asian monsoon. The same concept of estimating water origins was 
applied to the northern part of Borneo Island in the present study. 
Time series of zonal wind at 850hPa, precipitation, and vertically accumulated 
precipitatable water evaporated from the Pacific Ocean (PFO) and the Indian Ocean and the 
Java Sea (lDO+JVS) throughout 2001 is shown in Figure 1. Since the areas were dominated 
by the westerly winds almost throughout the entire period, monsoons were not detected when 
there was a change in wind directions. Furthermore, since the daily precipitation was 
constantly high throughout the year, the rainy season was not clear. The previous definition in 
identifying monsoon season in the northern part of Borneo Island using zonal wind or 
precipitation (Matsumoto, 1997; Wang and Ho, 2002) is difficult. 
As shown in Figure 1, when comparing the transition of water origin for IDO+ JVS and PFO, 
the IDO+ JVS origin was higher than PFO origin in early May but the situation reversed in 
late November. The period where the IDO+ JVS origin exceeds the PFO origin is used as the 
new definition of the Asian monsoon period. From June to September, however, the 
IDO+ JVS origin sometimes was less than the PFO origin. The water origin concept helps to 
describe the air mass movement even in places where zonal wind or precipitation does not 
corresponded to the monsoon or rainy season. 
Ichiyanagi et ai. (2005) also considered the temporal variability of precipitation isotopes 
simulated by the same model with colored moisture analysis. To validate the water origins 
estimated by the colored moisture analysis, we would like to perform isotopic observation 
over Borneo Island for the validation of estimated water origins. 
58 
Transition of Water Origin (ZOO 1) fl -t-- -.-- --!"-.I-:-+";-~:___;__-..,.~--.-_f--__t+' :oI-l:.JC'~~-+l~\-rt-~f~-....j\r--~]A}A~ 
~ 4 
~ 8 L-------------------------------------------~ 
20 ,--------------------------------------------, 
.......... 
~ l' ~ .J 
'- 10 
o 
~ 5 
~ 0 
50 ,--------------------------------------------, 
IDO+JVS' 
MA li AP II Mil r Jf.!.\ ' 1/1/. MiG 8_,:,11 ocr NOV m:c 
Fig. 1 Time series of zonal wind at 850hPa, precipitation, and precipitatable water 
evaporated from Pacific Ocean (PFO) and Indian Ocean and Java Sea (IDO+ JVS) 
throughout 2001. These values were averaged in the northern part of Borneo Island 
using NCEP/NCAR reanalysis data. 
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Diurnal changes of leaf water potential; photosynthesis and stomatal conductance were 
measured to monitor the difference in the water relation of different crown position. Two 
tropical emergent trees (Shorea beccariana, Dryobalanops aromatica) were measured in 
Lambir Hills National Park, Sarawak, East Malaysia. This study was carried out with use of a 
canopy crane in a LHNP. For both species, stomatal conductance of upper crown was lower 
than that of lower crown even though the two positions were exposed to full sunlight. 
Maximum photosynthesis is higher in the lower position than that of upper position. Clear 
mid-day depression was observed for maximum photosynthesis especially in upper crown of 
both species. Those results suggest that the top of the crown in the tropical tree was exposed 
to a water deficit as compared with the lower crown. In other words, hydraulic limitation is 
occured in the upper position of a crown of both species. 
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Experimental planting for restoration of tropical rainforest has been carried out in 
Japan-Sarawak Friendship Forest in Niah, Sarawak, Malaysia since 2000. In the site 
(approximately 70 ha), three types of vegetation, i.e. , grassland, secondary forest, and 
remnant forest, developed as a result of anthropogenic activities (Figure). Seedlings of 
dipterocarp and other indigenous tree species (20 species, 26316 individuals) were planted by 
"Island & Corridor Planting Method" in each vegetation type. So far the study indicated that 
the seedlings planted in secondary forest kept a higher survival rate at the early growing stage 
(Hattori et al. 2005). Therefore, this study aimed at clarifying the relationship among soil 
properties, growth performance of planted seedlings, and eco-physiological characteristics of 
the secondary forest, and [mally, developing a restoration technique suitable in the tropical 
rain forest. 
Seventeen Islands (14 m x 14 m; 36 seedlings / plot) in the secondary forest were 
selected randomly for the research. The planted seedlings were Dryobalanops beccarii, D. 
lanceolata, Dipterocarpus tempehes, Parashorea macrophylla, Shorea macrophylla, S. ovata, 
and S. parvifolia. Height, diameter, and mortality of seedlings were surveyed at 0, 12, and 24 
months after planting. Soil samples at the depth of 0-5 cm and 20-25 cm were taken for 
determination of general soil physico-chemical properties. Soil hardness was evaluated in situ 
at the depth of 0-60 cm, using a fall-cone type soil penetrometer (HD-60, Daito Green, Japan). 
Stand structure and species composition of the secondary forest were surveyed. Tree bark of 
dominant species in the secondary forest, i.e., Macaranga gigantea and M hosei, was 
collected and analyzed to determine the content of Ca, Mg, K, Na, and P. 
In the secondary forest, Macaranga gigantea, M hosei, Ficus stolonifera, and 
Glochidion pubicapsa were rich in number. Among the content of elements determined using 
the bark of Macaranga species, Ca was the highest, followed by K, Mg, P, and Na. As the 
tree stem density was higher, the content of soil exchangeable Ca and pH level were lower. 
This was resulted from a vigorous absorption of soil Ca by the trees in the secondary forest, 
due to their rapid growth in situ. 
On the other hands, soil hardness at the depth of 0-40 and 0-10 cm were correlated with 
the diameter growth of secondary trees and planted dipterocarp seedlings, respectively. 
Therefore, soil hardness is one of the most effective indicators for the growth performance of 
both trees in the secondary forest and planted seedlings, which can be easily predicted by the 
measurement in the field. 
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Fig. 1 Three vegetation types in the study site. 
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In general, Borneo is located in the humid tropical region, which has no distinct seasonal 
variation in rainfall. The recent study, however, showed that some part of the southeast Asian 
humid tropical region had an obvious seasonal variation in rainfall and the variation had 
different patterns from site to site (ex. Kuraji and Ichie, 2005). 
In this study, daily rainfall data observed for 41 years (1963 - 2003) at 17 sites in 
Sarawak was analyzed for understanding the spatial and seasonal variation in rainfall. 
Long-term pentad mean rainfall data set was made and its anomaly was calculated for site 
classification. The following 2 classification was applied to the rainfall anomaly. 
Classification 1 was by the amplitude value of fluctuation in pentad mean rainfall anomaly 
(0.7 or above, 0.4 - 0.7 and 0.4 or below). Classification 2 was made by cluster analysis. With 
the combination of these classifications, the seasonal rainfall variations of the 17 sites were 
classified into 5 groups (Fig. 1 ). The range of amplitudes of seasonal fluctuation in the 
anomaly was above 0.7 for Group 1, between 0.4 and 0.7 for Group 2 - 4 and below 0.4 for 
Group 5. 
Chang et al. (2005) defined 4 seasons (DJF, MAM, 11A, SON) explaining rainfall 
seasonality associated with seasonal transition of the intertropical convergence zone (ITCZ). 
Fig.2 showed seasonal variation in pentad mean rainfall for the 5 groups. It was found that 5 
groups have similar seasonal variation from May to November but different seasonal 
variation among groups in other months. Since Chang et al. (2005) used monthly data, it was 
not enough to apply his simple definition of 4 seasons to analyze the results shown in Fig.2. 
In this study, we defined the following 5 seasons (Fig.2) and examined seasonal rainfall 
variations of 5 groups in each season. (1) Season I (2 Dec. - 31 Dec., 1 Jan. - 9 Feb.): The 
northeast monsoon over Sarawak. The largest rainfall was observed for all groups except 
group 5 which is located far from the coast. The northern boundary of the ITCZ was in the 
vicinity of the equator and northeast monsoon wind arrived Sarawak from the South China 
Sea. (2) Season IT (10 Feb. - 31 Mar.): The first half of the transition of northeast monsoon to 
southwest monsoon. Group I rainfall decreased in this season, while rainfall stopped decrease 
and started increase after that for group 2 - 5. Rainfall of the group 3 and 4 showed minimum 
value in this season. (3) Season ill (1 Apr. - 19 Jun.): The latter half of the transition of 
monsoon. Group 1 rainfall decreased, while group 3 and 4 rainfall increased. As a result, the 
differences in rainfall among 5 groups became smaller. (4) Season N (20 Jun. - 13 Aug.): 
The southwest monsoon over Sarawak. All groups had a little rainfall and the differences 
among groups were small. The southwest monsoon was originated by the dry southeast wind 
from Australia which turned into southwest in the vicinity of the equator. (5) Season V (14 
Aug. - 1 Dec.): The transition from the southwest monsoon to northeast monsoon. Rainfall 
increased for all groups. The difference of variation in rainfall among 5 groups was still 
small. 
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The Southeast Asia Maritime Continent (including Borneo island, Malaysia), where the 
complexly-distributed several islands with elevated orography exist, receives much rainfall 
through frequent and deep convective activity. The role as atmospheric heat source through 
latent heating of this region is very large and influence global climate in several time scales. 
Heavy rainfall and deep convection occur particularly during boreal winter (northeast 
monsoon regime) over Borneo, though seasonality of rainfall is very week compared with 
other tropics. In addition, rainfall is also one of the important driving force for ecosystem 
dynamics of the tropical rain forests in this region. 
However, characteristics of temporal and spatial variations of rainfall have not 
comprehensively been studied yet. The objective of this study is to scrutinize temporal and 
spatial characteristics of rainfall variations by using density rainfall network. 
We used the daily rainfall data of 5 yeas form 1999 to 2003 at 42 stations in Sarawak, 
selected from the daily rainfall data set of the Department of Irrigation and Drainage Sarawak 
(DID-Sarawak) and the Malaysian Meteorological Service (MMS). An empirical orthogonal 
function (EO F) analysis was applied to 5-day running mean daily rainfall over this region. 
The eigenvector pattern of the first component (Fig. 1) shows positive values over the 
whole region. The time score of this score (Fig. 1) shows a dominant periodicity of about 
30-60 days, which may closely be associated with the intraseasonal convective activity of the 
so-called Madden-Julian Oscillation (Madden and Julian, 1971; 1972). The second 
component shows positive values over the northeastern part (including Miri area) and 
negative values over the southwestern part (around Kuching) of Sarawak (Fig. 2). This 
component is likely to be related to the low-level northeasterly wind principally during boreal 
winter, which sometimes provides heavy rainfall over southwestern part of Sarawak located 
at downwind side of the northeasterly monsoon wind over the South China Sea. On the other 
hand, the northeastern part of Sarawak located parallel to the northeasterly wind or downwind 
from interior area, shows less rainfall, which correspond to the area of negative values in the 
EOF-2 pattern. This north-south dipole rainfall pattern is also related to occurrence of 
synoptic-scale disturbance called Borneo vortex. The other component shows a dipole pattern 
between the coastal and the interior area of Sarawak, presumably associated with 
orographically-induced local convection systems. The atmospheric circulation patterns 
associated with these dominant EOF patterns of rainfall will also be discussed in the 
presentation. 
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Fig. 2 Spatial pattern and 
time series of the second 
mode by EOF analysis to 
5-day running mean daily 
rainfall. 
Water stable isotope (SI80 and SD) variations in rainfall and water vapor 
over tropical rainforest region of Sarawak, Malaysia 
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In the Sarawak region of Borneo Island, strong diurnal cycle of convection and rainfall 
is dominated, associated with local and island-scale land-sea breezes (e.g. , Ichikawa and 
Yasunari, 2005). Furthermore, because the evapotranspiration of plant is very large at these 
tropical rainforests, moisture that originates from land surface (or forest) significantly 
contributes to the daily rainfall in this region. The purpose of this study is to identify the 
moisture origin of precipitation observed in Borneo-Sarawak tropical rainforest region by 
using water stable isotopes (HDO, H2180) which is widely used as tracer in hydrological 
cycle, and examine the hydrological processes. 
The sampling of precipitation has been carried out daily at the crane site in Lambir Hills 
National Park from July 2004. The isotopic ratios (8 180 and 8D) in samples of daily 
precipitation collected from July 2004 to December 2004 were analyzed using a mass 
spectrometer. 
The temporal 8180 variation in observed daily precipitation shows that low 8180 values 
occurred mainly during the active rainfall period. The isotopic content of precipitation is 
influenced by the removal of moisture from air parcel in process of vapor transport, and 
supply of additional water vapor from land surface. Generally, the progressive removal of 
atmospheric moisture through condensation by rainfall depletes the heavy isotopic content as 
the air travels from the origin to the observation point. To examine the contribution of 
rain-out from air parcel during transport to isotopic ratio of daily precipitation, we analyzed 
convective activity over and around the observation area. As an indirect but continuously 
available indicator of convective activity, we calculated the area of clouds with colder than 
235K of cloud top temperature using hourly GOES-9 Tbb data. Back-trajectory analysis was 
made using these cloud data to estimate the exposure time of water vapor in the 
transportation process from the origin to the observation point. These results show that the 
low 8180 values appeared when convective activity was active near and around the 
observation area associated with rainfall in or downwind of organized mesoscale convective 
systems. 
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Introduction 
In the process of rainfall-runoff, the soil temporarily stores water. Grasping fluctuation 
of water storage in the soil is important in understanding the water cycle in tropical forests . 
Soil water storage is not uniform spatially, for they are strongly affected by topography, 
geology, vegetation, etc. Therefore, to know the soil moisture environment, it is necessary to 
make observation at many points. In this study, we observed vertical distribution of the soil 
moisture and its change over time at four points of different slopes, and analyzed their 
relation with topographical factors . 
Materials and Methods 
The area for study is located in Lambir Hills National Park, Sarawak, Malaysia (4° 
20' N, 113° 50' E, where the annual mean temperature is 26.7°C , and annual rainfall is 
2685mm). The forest is composed of various dipterocarp trees . Soil moisture observation 
points A, B, C, D are located separately in one catchment. The areas of watersheds A, B, C 
and D are about 0 rrf (ridge part), 400 rrf, 3200 rrf and 40400 rrf, respectively. The soil 
moisture contents were monitored by soil moisture gauges (TDR) and tensiometers at 
different depths of the respective watersheds. The TDRs and tensiometers were embedded at 
depths in centimeters of 10, 30 and 60 for points A, C and D; 10, 20 and 50 for point B 
(additionally, we set tensiometers at 100, 150 and 200 for point B; 100 and 200 for point C; 
100 and 140 for point D). To clarify the distribution of soil depth, soil depths of 50 points in 
the catchment area were measured by using a handy dynamic cone penetrometer (Fig. 1). 
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Results and Discussions 
Relationship between distribution of soil depth and topography 
According to the tests at 50 points by the penetrometer, the maximum depth was 5.49m 
and the average depth was 2.27m. To analyze the relationship between distribution of soil 
depths and topography, we made 
DEM ( Digital Elevation Model ) 
from the topographic map and ____ :g 
obtained the areas of watersheds ~ 35 
and the angles of slopes (Fig.2). As ~ 30 
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Fig.2 watershed area and angle of slope 
Comparison of soil moisture changes at four different points 
We compared changes of soil suction from tensiometric responses. When a dry period 
continues, point A, at depths of 10 and 30cm, tends to undergo a big change, while points D 
and C, located downstream, a small change. At point C, at depth of 100cm (point D, at depth 
of 140cm) positive pressure was seen at most time, indicating that the ground water level 
reached these points. From TDR data (volumetric water content), points A and B made a big 
response to rainfall and depletion was rapid. Points C and D made a small response to rainfall 
and depletion was slow. Fig.3 shows change of the soil water content, which was calculated 
by multiplying each volumetric water content by the depth of the soil layer (the amount of 
change when Apr. 1 , 2004, is set to 0) . As to the soil water content, at point B, the difference 
between the maximum and minimum soil water contents was as large as 89 mm; however, at 
points C and D, the difference was as small as 29mm. Therefore, dependence on rainfall 
situation differed greatly according to location. It is considered that the difference in change 
is due to local moisture movement by topography of observation points. 
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